(= 


_| 


| 
E 


10 


15 


20 


25 


30 


ROYAL COMMISSION ON MATTERS OF HEALTH AND SAFETY 


ARISING FROM THE USE OF ASBESTOS IN ONTARIO 


CHAIRMAN: Js SITERAN DUPREGePhaD: 


COMMISSIONERS: Uu. PRASER MUSTARD, M.D. 


ROBE RIGOUR EN re ia sine ols) G.cry) oF esis Ore Cae 


COUNSEL: JOHN] 1. LASKIN, | LLB. 


APPEARANCES : 
E. Warren, Asbestos Information Association of 
North America 
L. Jolley, Ontario Federation of Labour 
J. McNamee, Government of Ontario 


P. Casgrain, Quebec Asbestos Mining Association 


180 Dundas Street 
HOLONCO, Onvarlo 
Wednesday, 

Mio elit eaMe RES Rs Ia 


VOLUME XXI A 


. 87 (6/76) 7540-1171 


Digitized by the Internet Archive 
in 2023 with funding trom 
University of Toronto 


https://archive.org/details/31/61116496654 


me? 
ROYAL COMMISSION ON MATTERS OF HEALTH AND SAFETY 


ARISING FROM THE USE OF ASBESTOS IN ONTARIO 


VOLUME XXI A 


INDEX OF WITNESSES: 


DRs PAUL KROTIN Examination-in-chief (Warren) Page 4 
Cross-examination (Laskin) Page 92 

10 

15 

EXE ToL TS: 
EXHIBIT 4931°A_& 8 Two papers by Morgan, Evans Page 38 
and Holmes 
20 


180 Dundas Street 
TOGentO,;sOntan Lo 


25 
Wednesday, 
UL ie 22s, EL 


30 


AG 87 (6/76) 7540-1171 


ey saa ci) es dont wiseoeen 


ft SAEIVTIY,. = % yee 


7 bus | SON of a. 


180 Dundas Street 

LTOCONtO,. Ontario 
5 Wednesday, 

July 22, 1981 


Volume XXI A 


ia 
THE, FURTHER a ROCEBDINGS, OF -THISA NOU RY 
{| 10) RESUMED PURSUANT TO ADJOURNMENT 
4 
APPEARANCES AS HERETOFORE NOTED 
ia 
15 DR. DUPRE: Mr. Laskin, are there any matters that 
i | you wish to raise before I greet the witness? 
, MR. LASKIN: I don't believe so, Mr. Chairman. 
{| DR. DUPRE: Do your colleagues have any matters? 
MRS ULASKIN<s .NOGe tos morning: 
DR. DUPRE: Well, may I then, if you please, greet 
[| 20) most warmly Dr. gPaulsKotinn J bawase looking ate thes tLranscripe Of our 
last hearing at which Dr. Kotin appeared last February, and I noticed 
L| that I remarked at the time that I would not be at all surprised if 
Dr. Kotin was asked to respond positively to an invitation to 
L | appear as an expert in the formal phase of our hearings. 
oe I congratulate myself on my forecasting ability. 


Dr. Kotin was asked and we are indeed grateful that he has responded 


positively. 


SOamMavel uu KhOLin, thanks you, LO agrecmg slo 
come to give sworn testimony, and before I hand you over to Mr. 
Warren, who will conduct the examination, may I ask, please, 


L B01 Miss) Kahn to pswear ener ekoLin. 
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- 4 - Kotin, in-ch 
PAUL KOTIN, SWORN 
EXAMINATION-IN-CHIEF BY MR. WARREN 


DR. DUPRE: Mr. Warren, please. 

MR. WARREN: Thank you. 

MR. WARREN: Q. Dr. Kotin, we all know your present 
position is with Johns-Manville Corporation, but I thought we would 
begin this morning by taking the Commissioners back over your 
background so that everyone will understand where you come from and 
what kind of expertise you bring to the questions which we have 
been discussing in these hearings. 

Following your graduation from medical school and 
your tenure in the armed services during World War II, and your 
private practice in California extended to 1948, you subsequently 
began your career as an academic pathologist. True? 

THE WITNESS: Aw Yes, sit. 

GO. Gane vyourTtel us whateyousdid in ChOsesecarly 
years? As I read from your curriculum vitae, you spent over ten 
years in the Los Angeles area as a practicing pathologist and as an 
academic pathologist with the University of Southern (Qe ha inex op span e's 

Can you tell us in general what your dealings were 
during that period, what they consisted of, and what sort eee 
research you were involved in? 

A. My duties were the rather traditional three 
areas of academic activity. I did service at the Los Angeles 
County Hospital, which is a teaching institution, for the University 
of Southern California School of Medicine. I taught pathology 
to medical students both in the traditional course in pathology 
and a course in experimental pathology. Then I was engaged in 
research activities as well. 

The research was oriented to the effects of, in 
this case, the chemical constituents in polluted urban air on the 


respiratory tract, both experimentally in terms of using animal 
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A. (cont'd.) model systems as well as clinically 
the study of patients, from the point of view of the pathologist, 
with histories"of exposure toon clinical signs and symptoms of 

5| respiratory disease. 

O. ‘The research then that you were engaged in 


{| -5- Kotin, in-ch 


in this period untivlel9o27etocused qiwould it be fair to say, 


5 principally upon respiratory disease and questions involving the 
pathology and biology of the causation of respiratory disease? 
[| 10 A. Yes, with particular emphasis on neoplastic 
diseases - on cancer of the respiratory tract. 
Q. That was my next question. When did you begin 
a working on questions Of Carcinogenicity as. related to respiratory 
LUNCtCLOM 
[| A) Wh Woull diisay Jatetne perry Outset, since the 
15| response of the animal system to inhalants was a continuum. 
E The end point that my associates and I chose was cancer, but a 
whole series of events take place in response to exposure to 
[| inhalants that are not cancer but in many instances are related 
to the ultimate evolution of cancer, and in some instances not. 
| So it was a continuum. There was really no fine point...but the 
[ 20) end point from the very beginning was cancer, and the support 
coming from the National Cancer Institute for our research rather 
| indelibly emphasizes that our primary orientation was to cancer. 
Oo. Now, mimi962)-you,.left, the University of 
g Southern California...maybe you didn't...yes, you did leave, or 
25 did you leave, maybe I should ask. When did you go to and start 
| working with “the Natrona l @instutute sol Health? 
| Al@it.believe it was in 1961 that I went. The 
official appointment may date from 1962, but in 1961 I was asked 
| by the director of NIH, Dr. Shannon, and by the director of the 
National Cancer Institute, Dr. Endicott, if I would be interested 
| 30| in an appointment at the National Cancer Institute, in essentially 
| 
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Ae Kotin, in-ch 
A. (cont'd.) the same area as I had been working in 
at University of Southern California, and that is the SLUCY sofathe 
Causes and determinants of cancer, the natural history of Cancer, 
5; and particularly with Orientation to environmental causes and 
environmental determinants Of cancer. 

Q. Following your departure from Southern Cali Sonn 4 
in 1962, did you, during the decade of the Sixties, essentially 
cease teaching responsibilities and become a researcher? 

A. No. Actually during the course of my ten years 
10; at NIH, five of them in the Cancer Institute and five at the 
National Institute of Environmental Health Sciences, I maintained 
an academic appointment Chrougnout this PeErIO0  anduit was 
essentially more than just a catalogue appointment. I had fixed 
teaching responsibilities when I was in the Washington area, at 


the University of Maryland School of Medicine, and when I was 


15 
IinMNGrth*Ccarolina’ at NIEHS, I had a joint appointment as 


Professor of Pathology at Duke University School of Medicine, 
andweaPethe Univeristy of North Carolina School of Medicine, and 
essentially pretty much had the Leaching .of sthe pathology of 
neoplastic diseases at both institutions as my responsibility, 
20; in the sophomore course in pathology. 

Q. During the entire period with firstethe 


National Cancer Institute and then in NIEHS, you conducted a 


considerable amount of research on the issues which we have been 
discussing, I take it? 

A. I think it would be fair to say, that dywas 
eo involved with a considerable amount of research...I guess 
ultimately responsible. 

The actual type of research that I didlatathe 
University of Southern California, which consisted of everything 
from filling water bottles and cleaning cages to ultimately 
doing the pathology on the models that we used, was pretty much 


30 
delegated in the sense of day-to-day activities.. In terms of 
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Aus (Contud Je §thesoveradd, responsibilityefor the 
1 experimental activities, I did have an involvement. I was involved 
in protocol design, I was involved in rationale for doing certain 
r| 5} activities, I was involved in the ultimate diagnoses using 
pathological techniques, and most particularly was involved with 
attempting to make some sense out of what we did and saw over the 
a 


period of the experiments. 


On Whatetawouldeilakestosdo thisemorningais? corcall 

4 ve upon your experience in biology and pathology and physiology and 
teaching to give us maybe our first lesson in pathology and biology 

4 1lO1l.,sePut aside, that~disciplinesoS.enidemiologysand txy tosturn to 

biology per se and see what we can learn. 

q Thesfirst issuenthat.., would like for,us to discuss 
is how do fibers, asbestos fibers, or particles in general, get 


‘ig 15) 2nto the body? Si ,Ehoughtetoueal eotwus Logdisenscethis question 


it might be.usefulp,tovturn.tosvourn, article’ at.tabsthree; | fagune 


one on page 135. 


; | Now, this is a simple schematic diagram of the 
“espiratory tract pandsel wouldelikestoeack you apnumbereotyquestions 
| about what type of fibers, what length of fibers, what diameter 
20 


of fibers, get antonthe nespiratoryatract andawhene gtheyeare 
| likely to be deposited. 


First, of -albl,.in-terms,of athe entry andadeposition 


of fibers in the respiratory system, is diameteror length of 
[| fiber the key determinant of deposition? 
oe A. Diameter clearly has the greater influence 
g on deposition than length. 
Q. Can you explain to us why that is? 
| Aw «%es, Lacanstelleyou what siscobsenvedipiledon't 


think anybody can really explain it. 
F | When we inhale fibers, for a fiber to get from 
| 30} the external respiratory environment down into the lungs, it 


has to go through a very tortuous path through the nose, through 
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- 8 - Kotin, in-ch 

A. (cont'd.) the accessory nasal sinuses, the 
nasal pharynx, and so on, and each in conformity with the physics 
of particle flow, the principles of xcheology, the science of flow, 
and so on, these particles are able to penetrate the respiratory 
tract on the basis of size. 

In the instance of an aerosol particle, which 
could be a sphere, let us say, there the diameter is virtually 
the exclusive determinant. 
+ inptne case OL fibers, and arbitrarily a fiber us 
defined as a material that has a greater than three-to-one aspect 
ratio , length to diameter, the length can very significantly 
interfere with inhalation just mechanically through the upper 
respiratory tract. But nevertheless, the diameter equally and 
perhaps more importantly can interfere with...or determine 
IS penetration. 
A rule of thumb with the standard deviations that 


would go with any biological phenomenon it's generally believed 

that a fiber thicker...with a greater diameter than five 

micrometers, will not penetrate the upper respiratory tract 

to get down into the trachea, the windpipe and then into the 
oe arborizations of the tracheobronchial tree. 

But once a fiber gets down into the trachea, 
independent of its length...and fibers have been recovered from 
the lung up to two hundred micrometers in length...independent of 
Dts length, -1ts Ciameter both in) terms: Of =ethescepin oF 

gs penetration and its sedimentation rate. 

There you find that deposition will take place 
within the tracheobronchial tree in conformity with some broad 
dimensional boundaries. One can say that the larger the diameter 
of the fiber, the more... the higher in the trachobronchial’ tree, 
the closer to the trachea, that it will be deposited. 

cM QO. Let me go back over some things that you 


said and see if I understand this from the simplest and most 
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O. (cont'd.) elementary standpoint. 

I envision that when I breathe in a room with a 
Gloud of Tiberedust thatal bresathe.in,e2 ansyireyeand.thesfibers 
go into my nose and down this tract, which is schematically 
presented in Ligure,one. ISCnuVislOlsil te KINnd.OL aoednbartacle 
inawind tunnel, or something like that. It's being buffeted 
about by all kinds of forces which, in a complex way, determine 
whether or not it's ever going to be deposited on the walls of 
that tunnel. is that a,fair esimpie-minded way of, looking,atywhat 
LS going one 

wee Ce setal rec CcocecOrmoOleet ning. and thats 1s 
agwind«tunne lb, Slethink, carrieSawithwitasdefingticneo® a 
continuous nonbranching type of system. Whereas in the trachea 
and the bronchii, the windpipe and the bronchial tubes, you have 
branching exactly like a tree, really. So you have opportunities 
for mechanical impingement as the particle comes down this 
wind tunnel, which we can say that the wind pipe, the trachea, 
represents.” 2 ammediatelyabits jthestisstsbranchings.area and 
indeed some of the particles will just mechanically be forced 
against this locus Of sbranching, and athen,Losyouecan «. 2thuaseis 
repeated many, many times throughout the bronchial tree. 

Soul Bevousaccept that, then 2t's like the wind tunnel. 

QO. 1Okay,. 

DR. SUPFEN Sel S i teimportant, thewreversingweycu 
breathe in and out? 

ME WARREN Saves. TLiwantetosgetsto tuat too;nand 
Eowillwget ete that eel soGom se. 

DE BUBEEN= SE li wart. 

MR» WARREN Gel Gleoon, GedOnl tT amndat, 1yOwecol ld 
certainly correct me. 

MR. WARREN: ©. I envision it then, that)there are 
various kinds of forces which are affecting the deposition of 


particles in the trachea, the pleura, the lungs and so forth... 
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a lO ROG, i-ch 
ia THE WITNESS: A. Just for the record, particles do 


not settle out on the pleura. 
Oe Okayv-8 One Ol, thoserls Gravity, 1 take it? 
5| Simply a particle has some weight and it can...like any other 
particle, it has a tendency to fall? 
A. There is a sedimentation rate for particles, 
exactly. It 1s related to the physical properties of a particle. 


Vos eas are 


Q. Then I guess there is a second one which you 
{| 10} have been suggesting, and that 1s that we don't have a straiaht 
| wind tunnel, we have ae lot Of detours, and the particles naturally 
| bombard or bang into these irregular wind tunnels. So sometimes 
particles can get...can adhere as a result of that kind of 
[| bombardment? 
ae AL Yes.. OL. impingementecan, Occult ds asresult of 
this bombardment. 
1 | O. What other kinds of forces, from the standpoint 
of physics, are at issue here in determining rates of deposition? 
a A. ©Well. there is the depth and force of the 
inspiratory effort thac 1s alsO va, taccor = now deeply you breathe, 
a 20| how forcefully you breathe. The head of pressure, as it were, 
behind the breath that you take, is another factor. Less important. 
cy but nevertheless a factor. 
| Oe * Okayo Now, let's take Dr. Uften s question for 
a second. My simple-minded schematic view of what is happenina 
a . is, we have this wind tunnel and fibers are coming in, but Dr. 
pe Uffen suggests that I breathe in. but also breathe out, so there 
a is going to be a reverse force occurring there. What Tomcie 


Sigmiricance Oretnace 
il KR 6WWell, “the reverse force, again, 1s muscie— 
controlled in the sense of the movement of the dianhragm and to 


39| a lesser degree, the muscles between the ribs and the rib cage. 
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- ll - Kotin, in-ch 
Re (Gont'ds) Butetas*you expire; the panticle 
content “of the®expiréed air is ®understandably Jless?. “First °ofeall, 


the ™materialvetnatenas seceled Cut ss noOuspart -Ofsthe expired «alr. 


Buteagain, +1 sthink Sthere «are ‘dimensionsvof*panticles 
which, because of their size, never settle out and remain suspended 
in’ the *tidat*air, jgand they just "gosinVand*ouce 

Bue *basicallyysiteirs -aediffierentedir that*is 
exhaled “from* the point “of vwrew-o£sparticulbate* content: 

10 Owl "Sethe wnhalatton/exhalation, Fimhaling and 


exhaling aspect of it means that we inhale a quantity of X and 
we exhale"a quantity of Y, and°the difference is thevpotential 
for being deposited in the system? Fair enough? 

Al *Foryparticuldates? JYés; sir: 

Of tNowy Tettsetatkeabouteparticletsizein relation 
15} to these physical phenomena that we have been talking about. Why 
is TEpePIrstsOf alll sthat@riberseerlethink youtsald@of greater 


than two hundred microns in length...aren't going to get into 
the system? 

A. Well, depending upon diameter, an occasional 
One willt *Bute the *upper-repi rater yetracteis ayvery- efficient 
ay filtering system, and these large-size fibers...and again with 
diameter as the main determinant...that are too large to get by, 
just mechanically, the filtration that is associated with the 
upper respiratory tract, will be trapped and be removed either 


mechanically or passively. So it's...you really can't put a 


95| Quart in a pint bottle, is what the Sitila thOnea SS theres 
TimWelenyisionsd particles letsusesaye thats 

a hundred to two hundred micrometers in length, but it is perhaps 

three or two micrometers in diamter, it will be handled aerodynamically 

on the basis of its diameter. In fact the sedimentation rates 

will be equivalent...the force will the square of the diameter. 


30 So that having got through the upper initial 
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A. (cont'd.) hurdles of getting into the respiratory 
tract, then the fibers will settle out, and again with physical 
laws which we have no concept of in terms of their evolution...I 
don't understand the physics behind it...will settle out with the 
larger particles settling out more centrally, the intermediate 
particles settling out in the intermediate branches of the 
tracheobronchial tree, the very smaller particles will settle 
out in the distal branchings of the tracheobronchial tree, and 
then there are particles, as I said earlier, of some size which are 
sufficiently small, tiny; that they really don"t get suspended 
but remain...don't get deposited, but remain suspended in tidal 
air, and they are inhaled and exhaled and in animal models you 
can demonstrate this by...presently, you can use radioactive 
materials, but in the old days before that we used to use 
fluorescent aerosols so we could measure the settling of particles 
by capitalizing on the fitiorescence Of the particies: 

Q. Okay. Let me go back over this and see if 
fe understand. Vt. 

When we are talking about fibers greater than 
two hundred microns in VTength, by and large, with the rare 
exception, those fibers don't get into the system simply because 
they are too long and they can't enter, as you said, it's like 
agian ti aap lc DCLG Ler. 

A. Unless the diameter is such that it can get 
its way through, but: this 1s not a common phenomena. 

O. Then ats fair to say thereafter, once the 
fiber ‘gets into the nose and into the trachea, the key decerminant 
becomes diameter because that is the variable which affects 
most significantly the “Sedimentation rate? 

Ae de Sr COLLECT RV ea. 

Q. Now, what do we know about sedimentation rates 
and deposition by fiber diameter as it relates to deposition in 


the various organs of the respiratory tract schematically presented 


7540-1171 


i= - ee ae = 7 
ae oe 


7 


fo-nt «ation = tt 
yxctesiques edt ojai ealszag 20 eatbaud 4. 
{svleytig ditiw SAGs. SER eee 
L...Pattuheva "ist? to amper me Tag 
ott -dtiv Joe afttee Liw.. .2b-bekged snleya | 
steihastesai on3 .¢l isdéres atom de Wp A portioned on | 

ott fc endodtcad sthinwrisink edt mi sta soiotzseg 

sistea (Ltw selelived yellema ghey ond were fel Asnesdoodons+ 

bus Sess Leldampedosdeess adt dg. terldstase Isiakh odd ag duo, 

ein AoLil! wate moe te .teiftes Sine T eh ,aglotzisg S16 Stent ner 
behraqase top t'nus yifeen yeas tate .yeid , ines ylembeotpine 
ishis al debaszete pisces 20d .besievash Jog 2*eob.. nie wee | 

utyy alaham farins ni Soe Galeska Bas. bolatnt.ste vad? bas «348 a 


svitnedibes e602 sah Gey .yisaseerg. . yd eid? stettencmeh) Age 
eau of hen en Jats eudied eyeb df6' ad? ai 20d ,etelasséa 
esigitreg % Enllises oie. oreEeM biuno »¢ ce eloenzes inoveedoui2 ; 
2sloliceg sit Io sonesagvteol? 649 oo paisiiesiges <a ? 
ti ane hes ete usvo. ased op on ved ye) .0.-.. 
at beatexabr I 
fede t4+6edb. bandit tuods' pelsis2 eve ov redW 
sifx aft gow ,ogvel Bas yd ,@apnol at anoapim Gerheant ome 
edavqd vigaie @eicy2 eds Ofek tap 2 och esadi? ssody .nokageene 
exit a'2k ,brare woy a6 ,tetup 3'ne> add Ons pol 002 exe, gong 
Seltzod tniq 6 Gi s2aup # 
fon Bes 23 dads Pore) af tedemeii sia ceslngd 4A. 
econiaeuy conn 6 390 et abtt gud .dpuords sit mal | 
eft vono ~aesles vei) yea od TEA #'3i epal  .Q: 
inanimteseab you. ei cose ee sah i 
sasite dotity weston athe Sade ros 
bia be 


ioe oe 
a etl _ 


a 7 “ip 7 
ee | . 


Om (Cont dads) in thus figure sone? ViGan *you-egivetus 
sort Of a’ cutoff drameter, *and esO “Loren? 
We Yes; but * would “caution@thatethe standard tair 
5; in the numbers is very, very great. But nevertheless, one would 
say that particles with diameters...the largest diameters that are 
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able to get through the upper respiratory tract...down to perhaps 


| three to four micrometers, will impinge early, or high up on 

the trachobronchial tree, and then will sediment down perhaps to 
| the level of between the secondary bronchii and the segmental 
| ihe bronchii, and these are just names for the successively smaller 


| arborizations of the trachobronchial tree. 
E ©. -“"Can*youeshow uss. sean "youspointe to vor Sshow 
me on this diagram where those are? 

A. I would say it would be just about where the 


15 crossnatchingrin the right *lung@stopse  Yournourcesthat Ithave 


| 
E a circle which is used for a blowup below, but immediately within 
the circle the crosshatching of the bronchial tree, which is 
cartilage...it's meant to represent cartilage...stops, cartilage 
| that surrounds™the=brencenr1: 
But it would be somewhere down...two-thirds of 
J 20; the way. That would be about it. 
Q. So where that hatching stops within the circle 
a is roughly what we are talking about here? 
Az Yes: Pérhaps av little?’ farther*down®= two-thirds 
Ff of the way as I look down, I think. 
a 
| 
| 
| 


Q. Now that means that it's between the nose and 
25 


that point where’ vir ctual@y=-alt OEMoOurer bercewitheda@iiber 
dimension greater than three or four have sedimented out? 
A. It's where, if only the laws of dynamics 
and kinetics of settling were the exclusive factor, that would 
be where most of them settle out. Yes, 9sSirs 
30 O.* “in saying- thatemost= of- thes fibers; tetes saycve 


T' 1i take“ ae numbers. three’ pommetefivetor ftourjeiedon't really care... 
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Of AVCOntRO-) seemOStlOr thes Tberouw lth aud tameten;, 
greater than, let's say three point tive, settle out werore. that 
point. Do we have animal experimentation, or human experimentation 
5| for that matter, which demonstrates that as a real-life fact the 


laws of physics are operating in this way? 


A. Yes. With a wide variety of agents perhaps, 
a the amount of work done with asbestos in these forms of mechanism 
studies and so on have been rather considerably less than with 


Particles of other types. But by and large, there, is a. consistency 


10; between the handling of particles or various chemical types, as 


long as the dimensions are constant from material to material 
and from species to species. There is very little interspecies 


difference in the handling of particles. 


O. » Lets S -cerounvon that posite iust —Ormadaminute. 


if Again, I'm approaching this from a common’ sense rather than 


an experienced medical standpoint. 


I envision that I'm a person over six feet tall, 
you know, a big person, as opposed to a mouse which has very, 
very much different dimensions and very much different anatomy, 
and very much different systems in every sense of the word. 

20 How do we know, or why is it fair to be able to 
generalize these kinds of phenomena from rodents or other species 
to man? 

A. Well, this is something that has been known 
for a long time - well over a half century - dating back to the 
time when infectious disease was the primary cause of illness, 

ae and animal models were used to study the distribution of 

infectious diseases that infected animal systems, including man. 

The term that was used, that we can use to 
measure the distance between the nose where we would inhale 
something or where an experimentalist might put a drop of fluid 
39| Containing the virus of a pneumonia bacillus or a pneumonia coccus 


or something like that, the snout-carina distance. 


te 
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D. (contd Ser The: carina: Usia it pyou'ld ago »back, to 
the picture, the area where the first brfurea onuomesthe ta rst 
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i | - 15 - Kotin,. inech 
a Splrcting oODpetie s.vacicar 
The snout-carina difference, the experimentalists 

i | learned in the early twenties, really had very, very little 
influence in how rapidly a suspension of micro-organisms would 
| traverse that upper part of the respiratory tract, So as 
paradoxical as it sounds, the snout-carina distance of a steer 
+5 and the snout-carina distance of a mouse, while orders of magnitude 
Gditferent, tdvainot lartectwtehesulbtemate distrnrbution sand 
dissemination of a particle through the lung. 

Do you follow me? That once it got down av ghcle) 
the lower respiratory tract, the area it traversed to get there 
was not a major determinant. This is why there is a great 
15| validity for rodent models in many, Many areas of experimentation, 
why the data have some relevance to man. 

Q. Let's talk about below the point that we cut 
off. We've got your diagram here and we have a exrcleyzsandkat 
some point two-thirds of the way down there, we stop seeing, as 


a general rule, fibers with diameters let's say greater than 


20 
three point five microns. What can we say about the fiber 


a 
gE 
i 
i 
i 
| 
diameters of those fibers which are deposited below that point? 
| A. Again, the studies with asbestos fibers are... 
well, let me first say that the major knowledge we have of the 
| deposition of fibers are not with kinetic studies which determine 
al 
| 
| 
4 


o95| where the fiber is during the course of the experimentation. 


What most of the data address themselves to are on studies where 
after the exposure has taken place and the animal has been 
sacrificed, then, as it were, the lung is segmented and a 
distribution pattern is made of the fibers at the various levels 
of the lung. 

ae Do I make myself clear? 


QO. Mmm-hmm. 
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- 16 - ROLcaiy se bie cit 

Ae Welly, ODVlOUSIY "thatersnet Nearly as: satisfactory 
as measuring it as it goes in, as can be done, as has been done, 
with other materials. But one can say that using this technique... 
and I jUSt mention 1t to empnasize some Of Tts Limitations... that 
when one gets down to beyond what I refer to as the segmental 
bronchii, and gets down into the area of the branching tree that 
we refer to as the bronchioles, which is just a polysyllabic word 
meaning smaller bronchii, I guess, the particle diameters will get 
10 down from the three and a half, which again is a figure that I say 
with some trepidation, down to one micrometer in diameter, and that 
will fall into that area of the tracheobronchial tree. 

Then distal to that, when you get from the bronchioles 
down into the actual air exchange area of the lung, the alveoli, 
the air spaces, and the alveolar ducts...which are tubes, as it 
15} were, that connect the bronchioles to the air spaces, you are 
then dealing with particles with a diameter of micrometers or 
less. 

Q. Let me see if I understand this. Does that 
mean then that we could draw another line which would say that 
between the point where I previously drew the line and down to 
a these alveolar sacs which are displayed in the kind of blowup 


circle, we are talking about fibers from say one to three anda 


half microns in diameter? 

A. Yes. I'm a little uncomfortable with the 
numbers, because... 

25 J) ouULe. 

A. But as an approximation, accepting all the 
caveats, yes. 

Q. Yes. Then it is those, again recognizing that 
we are talking about a generality here which doesn't apply to 


every fiber, when we get to the alveolar sacs themselves, then 


30) we are talking about fibers of less than a micron in diameter? 
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Rw AeMmi Cron, in dianter.oLrv less, ves. 

Q. Something that you said earlier is probably worth 
talking about for a minute. You suggested that there might be some 
fibers which are .soerine ; esnort, thin oLr maybe both, that they 
simply remain suspended permanently or never are deposited. Can 
you give us some sense of what kind of fibers we are talking about? 

A. Yes. There we are dealing with fibers that are 
measurable in perhaps hundredths to thousandths of a micrometer, 
millimicrometers. That would be the unit of measurement. 

They, as you said, just remain suspended in tidal 
ain, They can settle out by qust. the fortuitousness of their 
bumping in, bombarding, as you said, the impingement on any one 
of these branching areas, but basically in terms of the laws of 
...the physical laws of settling, they can remain suspended, and 
ay Gisele, elsys 

OF Sovat some cvolner che storces Of Gravity sor 
sedimentation are such that the fiber can stay essentially airborne 
at a very, very small dimension of size? 

A. Yes. Anamalogy would be the stream of sunlight 
that comes alongside the curtain that you have drawn and you see 
the dust particles engaged in Brownian movement. They are there, 
they move, they are not static, but theydon't settle out. 

It's, I suppose, .a poor, but nevertheless a visual 
analogy and no matter how much you walk by or may walk through 
that column of dust, that isi visible by evirtue Of Chis Tyndall 
effect, why 2t gusto staves jin. thes air. 

Q. Is the Brownian movement just the summation 
of all the~forces that are actingyon the particles that are in a 
suspended state like that? 

A. Brownian movement is the movement associated 
with...on the basis of the physical characteristics of particles 
in relation to one another, and in relation to the medium in which 


they are suspended. 
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- 18 - Kotane inecn 
Q. Having explored deposition of particles 


throughout the system here, can you tell me what sorts of clearance 


mechanisms may operate to eliminate fibers which have been deposited 


5} throughout any place in this system? 
DR. UFFEN: Counsel, before you leave deposition, 


can I ask a question? 
MR. WARREN: Sure. Go right ahead. 


DR. UFFEN-) To! what extent ,“sirje isi ate necessary) to 


are consider whether it is laminar flow or turbulent flow? 


THE WITNESS. Olt! se terribly eterribly: imponptant, 


as I'm sure you are aware, because one can show that around each 


bifurcation there are eddies of air, and this is very beautifully 
reflected in what the pathologist sees through the microscope, 
because the first area a pathologist is going to see any changes 
16) im animals OF im Man cnateare exposed to inhalants, is in there 
areas immediately adjacent to and part of these successive 
branchings. 

Exactly. The turbulence there causes a deposition 
which is immune or separate from the orderly flow that we have 
been talking about this morning, and one sees that one ofathe.... 
oe guess one of the generalizations G5 if you ave going to, look, for 
abnormalities in the branchings of the tracheobronchial tree 
associated with inhalants, the first place to look is at these 
areas of branching, at the apex of the pyramid of this bec ehe 
branching area, as it were, and immediately around it. 

DR. UFFEN: When you breathe in, it's one thingy 


25 
and when you breathe out it's flowing the other way. Are»=these 


both turbulent, inhaling and exhaling? 
THE WITNESS: I really don't know. I would 


suspect that there would be less Eurbulence ,..usteongstne basis of 


the force behind the column of air, on exhalation. ei Bubuioan 


30; Unaware Of that, Sire 
DR. UFFEN: Thank you. 


3 
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MR. WARREN: Q. We have talked about sedimentation 
rates and deposits. Let's take fibers which are deposited and 
can you tell us what sorts of mechanisms there are in the lung to 
Clear out those deposited fibers? 

THE WLINKSGS se Aj Well, othere are essentially two 
mechanisms. One relates to the actual anatomical structure of the 
branches of the tracheobronchial tree, and beginning with the 
trachea and extending down just proximal to the bronchioles, the 
TID INGPOL the .celis or tne ining Of the Dore, ;ac tt) were. .OL 
the tracheobronchial tree, consists of several types of cells, but 
EwO, thal ‘are -revevant topvourn question. 

OnGmicvdecelbathat nas thesCapabiiitviol secreting 
mucous, synthesizing mucous within the cell, and then excreting 
the mucous into the lumenal surface of the cell. This mucous 
is constantly being secreted, it's a mucous that is rich in 
mucous materials that allow it to diffuse over the lining of the 
tracheobronchial tree and form a blanket, as it were, a mechanical 
barrier. This mechanical barrier does not have a static residence, 
but is propelled by the second of the two types of cells that I 
was referring to, and these cells are referred to as ciliated 
cells. 

These are cells that have little brush borders. 
They have little whiplike, hairlike brads which extend from the 
lumenal surface of the cell into the bore of the tube and they 
beat constantly, and they beat at a very, very rapid rate. One 
can visualize the beating with stroboscopic light where you can 
actually ‘see the (Cilianbpeat wy andity  oeag boat thatois directed 
towards the throat. It is the motive force for this mucous 
blanket which we can now refer to as a mucous escalator, and 
the analogy to an escalator is a very, very precise one. 

It goes in one direction and moves the mucous 
as well as the particles that are settled out on the mucous. 


O. Lets ‘stick with this’ one for a minute then. 
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- 20 - Kotin, in-ch 
Q. (cont'd.) What you have been talking about is 
displayed, I guess, in figure one, once again, that we have been 


Calking aboute = That circle: there displays the airway, the mucous 


uo 


banket, the ciliated cells, and this is what we have been talking 
about? 


AY Yess'si rs 


Q. Now, if I envision a particle coming to rest 


in the trachea or the bronchial Gubesy* lant cnvisioning that that 


6 particle lands on the mucous blanket and you are suggesting that 


the cilia underneath that blanket propel it in one direction, and 
tnat? vs" up’ to ‘the ‘throat? 

Ae Yeo Saree 

Q. Suppose that that's what happens and I breathe 
in and a number of fibers land on the mucous blanket and are 


15| propelled up, what happens once they are propelled Lie 


A. Well, for the most part the mucous enters 
the throat and is unconsciously swallowed. By unconsciously 
I mean just passively swallowed. 
If, indeed, for a variety of reasons the production 


of mucous in response to whatever it might be, an infection or 
20 


an irritant’ or something, 1s) greater and/or as symptom-producing, 
you have a conscious effort to remove that accumulated mucuous 
even while it's on the tracheobronchial tree, let alone when it 
gets up to the throat and makes its presence known, and then you 
cough or make conscious efforts to remove it, and you do it by 

95| expectorating. 

O. » Does the inhalation of dust or fibers, whatever, 


cause the cells to generate more mucous than when there is less 


dust being inhaled? 
A. This depends on both the chemistry as well as 
the physics or*the=particle buteyes,. certain things can cause 


30) enormous amounts of mucous, amounts greater than normal to be 


BEREBRERBRHBREBEEHEEBESEBES 
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- 2] - Kotin, in-ch 
A. (cont'd.) produced and one sees this clinically 
in a variety of settings...cigarette smoking perhaps being the 
most notable one. 
Q. We have talked about the first of the two 
defence mechanisms that you started to address. Before we GO tEo 


the second one, where does this first defence mechanism the 


mucous ciliary escalator, cut off? I mean, Physicaniy, Bctake 1, 
there are not ciliated cells and mucous at some BOI torn. tenis 
16 schematic diagram. Could you tell me where that is? 

A. Well, certainly in the blownup circle on the 
left, which has bronchiole and alveolar SaGs tthe. ees tat a hlevel 
which has no mucociliary apparatus, and even more proximal to? that, 
but still at the bronchiolar level, as it were. So ih Sidatiethe 
bronchi wand ant the usa bronchii, the segmental bronchii, that 


15; you begin to get a waning and disappearance of the mucociliary 


apparatus. 
Q.- So you would have mucociliary apparatus in the 
bronchial tubes, but it begins to feather out after that porate 
AM i Wes 4 Sit. inthe) bronchioles. 
Q. I guess like every one of the phenomena we 


20 : : : : : 
have, been talking»about today, it's not like LUrnInNg OLiva dont 


Switch on turning, 1¢non, at Ss) agmatter of degree? True? 

ACh En estuncliuon otsaucocise ary ar 2 

Q. Well, both the function and its existence. In 
other words, we don't have a point where we have full mucous 
Ciliary apparatus and then, you know, one micrometer further down, 


25 
none at all? 


AD, ltiseyrather precise. gal tei litwaryvea 11® over - 
but the cutoff point is a rather precise one, yes. 

Q. Now, let's talk about the second of the 
clearance mechanisms which you alluded to earlier. Can you tell 


30) us what that is? 
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Ao Ihde sad Cellular, Gersence. Capability, as 
distinguished from a tissue defence capability, and this relies on 
the ability of certain célls, cells that have; I guess teleologically 
speaking, the responsibility for the defence of the host against 
all alien materials or against alien materials, and these cells 
Produce their efrect by their abii@cy ‘to enguice foreign agence. 
It can be a micro-organism as well as a chemical agent, some 
substance which would produce this effect by virtue of its 
190| Physical properties. 

In engulfing this, it sort of sequesters it from 
CNe Test Olecne DOdy.= LtacancuLles IL, tncCarcetates 2b withing the 
cell, and then depending upon what the material is, it can do 
everything from digest 10 1f it's an Organic Material, dissolve 
Tt, Om just, ltt so ancapable Credestroy ing slt,miust heepi Lt 
15; isolated from doing any harm by virtue of its being in this cell. 

Now, these cellscehave ay Property or mOblliiy. 
These cells have the ability to move. They can be deployed like 
a unit in any kind of a defence operation. 

This mobility is governed by the need that it 


responds to in terms of protecting the body against the foreign 


= invader, as it were. 

Q. Now, if we go back over a number of things you 
said, I take it that this clearance mechanism or defence mechanism 
at the cellular level is the macrophages that we have been 
talking about for the last few days? 

25 A. Well, it's a group of phagocytes, one type 
of which is a macrophage. Yes. 

Q. Okay. Can you tell us why one type of 
phagocyte is called a macrophage, first of all? 

A. Clearly, because it's a big one. 

Q. Where do the macrophages come from? What is 

30 


theip Origine 


ss 


87 (6/76) 7540-1171 


gifasighigsted eseug 1 ,evet 388t 2 leo .sdfeo 
taniegs feo kt to dnawiek Say s07 U3.4d: 
cites aes? Nes .elaiuusss' HePise dedtes : 
B$aete antate? Gude of yset2de st 
ater snaps fangeto & ce Dew sn Saleaetendan WOE a 
bd? ig-gura hr yd Soetes) 2) us: realest sbingetioe. | 
wird Sh S2eipsupes Io Stow SE \ Stas vatiiceds at 
etd widdtiw *: antotsnanéai (ot actetties 32 bed Oat “6 téay ons 
eb mém 32 get feiiedew 282 °1ere noay inibyinely’ £572 Gas. liso | 
Sinent) .toisetam-otasgsze a6. 69st) Be. 31 aeptS mOx2 palasyxeves 
Fe Gena Jeve 13! anidalt@eb Ao, elaehsont @'si 17 2SBue 30 4 as 
Sf hee*etde- nt sited cab tc) site iv) yt eee! yns gaich most Pedaicet re 
yd Obéedom 29 yovoqoig 4 sved ailos sauga oe | 
nALl SAjGIGHS od mat UNE Intem od yet ide Si vad ates) aeaee | 
Molitzsqs ssag1eb 4 29 ‘ines yes rl) ‘sivth' 6 | 
St sant beer Rta ya becisyap 21 yiiden ee 
Lice add aches ghes ani} alah bil 2G. ome? ai oF alinaqebe 2 
staw 22 on ,Sebeune 
hoy Sooady tb Team 6 Yes oe CW am, TE -pwolt as) | 
mutoidtsan waadieh te idkacteen, soneisesa alds Sees 90 ater 7 alias. 
nas nist <0 tady seerdzostam oft pf tevek Yatortes “aus om 
lncsapiape: sites Saves = ter. 
| agi? sid .ectygedesag Ye geocy a-2'2! a 
man 


a 
a 
- 23 - Kotin, in-ch 

i i A. It depends on which anatomic site in the body 

you are speaking Of There are macrophages that are formed in the 
a marrow and circulate in the blood stream. There are macrophages 

5} that are formed in the lymphatic system of the body, the lymph 

i | NOdes, and mMayjor areas of lymphocyte location or residence - the 
Spleen, in younger people, the thymus. A third place that they 
are formed is within the lung itself, the epithelium of the lung, 
particularly down at the level we are Speaking of, of the alveolar 


sac, the alveolar duct. The lining of these ducts and sacs are 


Mi made up of different types of cells, one of which is a cell with 
the capabilitv for swallowing, ingesting foreign material. 

QO. sO Ivenvision that in these Tittle Sacs > Or 
Surrounding these little sacs, on the surface of them will be 
the macrophages that we are Gartkind avout? 

15 A. Yes. And also some in the lining or in the 
hollow of the sac itself, which may come from lymphatics as well 
as Irom “the Lining of the alveolar sac. 

Q. As you said, these kinds of cells are mobile 
and are able to respond to an attack or a foreign object. What 
Causes (thateco-occune 

20 A. The one word answer is a phenomenon known as 


taxis, T A X I S, which is the word that is used to describe 
attraction. lees nronlyeainvolved chemistry that is associated 
with this phenomenon of attraction, and this attraction actually 
Vs Of basically “two types, © For instance, you can have positive 
taxis where indeed the macrophage is drawn towards a foreign 

a object, but I guess certain foreign objects having amind of 

their own have the ability to repel or even dissuade a macrophage 


from going to this foreign object, and this is known as negative 


taxis 
But it's highly complex and it varies from agent 
30} to agent in terms of the medium, the milieu in which this taxis 
takes place. The PH or the hydrogen ion concentration of the 


eS 
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A. (cont'd.) material will vary for certain agents, 
and therefore will provide an optimum or even a hostile environment 
for the action of certain macrophages. 
5 QO. Now, let's talk about asbestos and let's talk 


about what the macrophages do with respect to asbestos. 


Can you explain that in general terms, first of 
y. 
all? 


A. Yes. Again, being a foreign substance, the 
fibers will attract this defence capability and depending upon 
10; the dimension of the fibemmparreicular ly in relation “co the 
dimension of the cell or the group of cells, they may come out as 
as platoon rather than as ,aysingle scout. The fiber.can...or the 
cells can make an effort to ingest the fiber and incorporate it 
within its substance, within its cytoplasm, after it's ingested, 
re reform its cell membrane so it's again an impact cell, and 
for all intents and purposes this fiber is out of business, as 
it were. 

O..sHow does -tiber dimension) matter, in termslof the 
efficacy of this macrophage response? 


A. Because the ability to ingest any foreign 


20| material, ingest an asbestos fiber, by macrophage is determined 


by the size, so that a macrophage, let's say thirty micrometers 
im its, greatest dimension,,even after it contorts itself to try 
and ingest this thing, that is up against a fiber which has a 
length greater than itself, it will be just physically incapable 
Of angesting, the, entiresparticia. | So that 1s a battle, so to 


a speak, in which the macrophage has undertaken something it can't 


accomplish. 

There are other ways of furthering the defence 
mechanism, but thismisa tne critical factor. the abilityveort 
a macrophage to just mechanically engulf the fiber if it's going 
aol sco, neutralize. tt.and seulti tie ite role of protecting the body 


against the effect of any foreign agent. 


ok 
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Ga Erquessiil ‘ameenvisioning sthateshort fibers 
will be engulfed more readily than longer fibers. 

Mar Yes paesiur. 

O-m Wheniwessay athat yagtiher tyaletis, just isay.one 
ten microns in length, two microns in diameter, for purposes of 
discussion...when we say that that fiber is engulfed, what does 
that mean and what happens to the fiber? 

Amin Wel ga stotal lyeengulfedyriber thatuwillelive 
within the macrophage and the macrophage itself will attempt to 
do things to this fiber. It will liberate within itself certain 
digestants, certain enzymatic MageGials;, munweanfeffout to destroy 
theetorerqnamatewialjerintthescaseros Organic materials, the 
macrophages do this with considerable success. 

IBEhewCasegoheinoroantcamatenials, inithewcase 
of an asbestos fiber, it does it with rather less success, and 
the fiber just lives in the macrophage. 

Now, the macrophages are not eternal. They have 
aglitesoh. Wut varies nether ww rortyvedays emit wil. Valve 67) 
any event, when the macrophage dies, this ingested fiber is 
liberated. The death of a cell is associated with dissolution 
of the cell membrane, and liberation of its contents. 

Now, the chemistry of the previously ingested 
fuberehasmreahlys. 30rgulseal tered) chemistry .).shas) not really 
been worked out all that well. But the little we do know 
suggests that it is an altered fiber, and it has been altered 
in a way that again, I think, data would suggest is less capable 
of inducing an adverse tissue response. 

Bheugstesubsequentive astm) Mberingpartiber . is 
reingested by other fibers. (sic) 

DR. UFFEN: Altered chemically or physically? 

THE WITNESS: Altered physically. Chemically, 
theresisfagchangesin Ghemionvesstructure ~.theresmay beua leaching 


of certain cations from the fiber itself, but the real chemistry 


es 
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THE AWLINESS= (contlds \eiotithesaltered +iber 
has not been worked out as yet. 
But itis ja ditferent. fiber, andsonercan show this 
5; in in vitro systems, perhaps, more readily than one can in an intact 
animal system. 
DR. UFFEN: »Does,it Look dike“sorteof-a skeleton of 
the old fiber, or an actual different shape? 
THE WITNESSe®#eNG,eno. Bitusnthe old. fiber. “It is 


not...the shape has not been significantly altered. 


ae MR. WARREN: Q. Let's stay again with our 
engulfed hypothetical fiber. It has been engulfed and thirty days 
tater, forty days later, the Macrophage dies off and we have a 
fiber once again in the lung. You say data suggest that that 
fiber has been altered in a physical sense so that its Lox cuEy 

re oma sO leeted. 


Can you tell me what data you are talking about? 

THE WITNESS: A. These are in vitro studies that 
have been done, I think, by primarily in the United Kingdom... 1 
can get you...I'm trying to think of two names of people who have 
done this work. During the break just let me go through some 
20; bibliography I have. 

Q. Let's put the names aside for a minute. You 
can tell me those after the break. But tell me what kind of 
an experiment those two gentlemen in England did in order to 


reach such a conclusion? 


A. What they did was in vitro experiments...that is, 
experiments in tissuesculture, rather wehanwin eaniaal systems...and 
| then studies the effect of the recovered fibers after one passage, 
| as it were, and compare them with the others. It's as straight- 
forward as, chat. 
Q. In other words, what they were able to do was 
390} to test first fibers before any macrophage response and to judge 


in a tissue culture what their toxicity was, and then compare that 
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©, (cone dad.)  “agaanstesimilarecelise  similarstibers 

which had gone through this process of engulfment and to make a 

comparison of the response seen in the tissue culture? 
5 A. Yes. They were not...these were differences 
that were demonstrable in the laboratory. A bioassay on the 
differences in the fiber, I think, has yet to be done. 

©. aCouldnittebexdoner 

- Well, it's yet to be done. 


fe . When you say that this was tested in an in vitro 


system, what was the inpoint? 

Ane = TOxaeoi ty costhe: celts: 

OQ. Lemesee.  -[tewas gust cytotoxicity s “All right. 

But these data suggest that that fiber which had 
been engulfed has a reduced toxicity following the death of the 
15| Macrophage? 

A. I think this is the consensus of workers in 
the field, yes. 

Q. Now, before we go on to talk about longer 
fiber and what happens with the macrophages, we've talked...you 


suggested earlier that this engulfment process is a clearance 


20 mechanism, and I guess I'm still at a loss to understand 
precisely why that is. 
How does the macrophage involve itself in actual 
clearance from the body? 
fee iitecansdorthat ane tworwaysermri cst)? by) vartue 
Bc of its mobilityfmeven thoughs there aretno. there? i senosci lia 


mucous apparatus at the lower arborizations of the tree, it 


can, as it were, just walk up the scaffolding of the alveolar 


membranes to that level where the escalator begins, and then get 
a free ride and thereby clear the lung. 

Alternatively, the macrophages have the capability 
30} of diffusing) antopthes second ofr thei two; ciren latoryi-systemsy in 


the body, the lymphatic system. Then flow through the lymphatic 


= 
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A. (cont'd.) system to one of a series of depots 
in this lymphatic system, that we call a lymph node, which is an 
accumulation, an anatomic accumulation of white blood cells, 
lymphatic cells, including macrophages. And there it can stay 


and there the fiber can just live for as long, or the particle can, 


= A | ae ae it 


or the elemental material, whatever, live for the duration of the 


life of the host, and produce no effect at all. 


Q. Let's go back now and talk about longer fibers. 


10| We have talked about my hypothetical fiber which is ten microns 


in length, two microns in diameter. Let's take a longer fiber. 


Let's take one that's two microns in diameter but is forty or 


f1Ltty mMLCrons sin wlengen. 
How does the macrophage defence system respond to 
that longer fiber? 


15 A. Well, it can respond in several ways. First 


the macrophage itself may try to go it alone, and it it's incapable 
OEftully ingesting thevtibern,esosetnat. yousenave, | ikera scandy 
apple, where the macrophage is the apple and the fiber that hasn't 
quite gotten in all of the apple is the part, you hold 1 with. 
Now that part there has penetrated the cell 

membrane. Inasmuch as the cell has been incapable of engulfing 

it entirely, the area where it pierced the cell membrane is not 

an airtight seal, and more importantly, because the cell membrane 

is not intact, you have essentially a devitalized cell, a 

weakened cell, so it cannot react the way a normal cell will. 
25 BUCS toWwtile responaslo. Liaw palit Ol) tne sparlLic.ie 
that sticks into the cell by again liberating these digestants, 


these enzymes, and there is one postulant that really this is 


how the phenomenon of fibrosis takes place in the lung, and that 
is, an incompletely phagocytized, or swallowed, cell, will allow 
leakage from the cell of those enzymes which the cell was thinking 


30; it's liberating to dissolve what's in it, and the digestants... 


BEREREBBHEEHEESBEE EA 
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A. (contd.) protease, as they are called, because 
they dissolve proteins, are virtually incapable of distinguishing 
between host protein or alien protein. It just knows that it 
sees a mollecular configuration that it can chew up, as it were. 

Since the lining of the alveolar sacs, like all 
tissues, has as its base protein, this liberated enzyme 
indiscriminately begins to dissolve the protein which holds the 
normal architecture of the avleolar space and the bronchiolar 
Space, and you have tissue death. That is one concept of how 
fibrosis takes place, that it is really the liberated enzymes 
from macrophages which have failed in their job, for whatever 
reason, and they have liberated these proteolytic, these 
protein dissolving materials. 

So that's just one of several things. 

MR. WARREN: Dr. Mustard has a question. 

DR. MUSTARD: Can I ask a question, and the question 
is obviously related to my own areas of interest. 

In the process of cell proliteration im vesse! 
walls related to atherosclerosis, the most recent evidence we 
have is that the monocyte which becomes a macrophage, when it's 
stimulated in that site produces a mitogen, and that the induced 
macrophage in the vessel wall will produce a mitogen which of 
course, therefore, is a powerful stimulus to the smooth muscle 
cells to proliferate. 

Is there any evidence about the macrophage in 
the pulmonary system when it's ingesting fibers that it becomes 
turned on to form mitogens which are released which cause 
fibroblasts to proliferate? 

THE WITNESS: There is a paper in the current issue 
of a journal...I have a reprint here which I will be delighted to 
give you...which reports the same phenomenon in the avleolar 
epithelium. 
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- 30 - Kotin, in-ch 
THES WiiNESos (COnt id. )e @the breaks elt 1lt be glad 

| to give you the reprint. 
fl But apparently, this is, according to these workers 
| =} at the National Institute of Environmental Health Sciences, they 
| il are seeing a direct mitogenic effect in the alveolar epithelial 

cells, the analog of your smooth muscle cells. 
if DR. MUSTARD: Maybe we should have it introduced 

as evidence. I think"it"s.-.at the appropriate time. 
il 10 MR. WARREN: Fine. 


Do you want to take a break right now, John? 

MR. LASKIN: Tt™s up to you. 

MR. WARREN: I would rather keep GOUigy ae thinks 
because I'm logically still on this subject. 

MR. WARREN: Q. Let me see if I understand the 
15) additional element that I think you've added to what we have been 
Galking about. 

As I understood pr. Kotin's! initial response to my 
question before Dr. Mustard's question, what I was hearing was 
that the fibers essentially pierce the cell and that the enzymes 
which are contained around that cell membrane leach Oucvor the 
a cell and because they are functionally designed to eat protein, 


they drip onto or fall onto the wall of the alveola and eat a 
Hole an 3at? 


| 
pr 
i 
i 
Li 
a 
/ ie WEN Ei ost aay Yes. 
al Of Jat rs sbasiCaliy a Now, that. s awful 
25, Simple-minded the way I stated it, and as I understand it, 
a Dr. Mustard was adding an additional element having to do with 
mitogens, which I frankly don't understand. Maybe one or both 
of you can explain it to the layman. 
a THE WITNESS: Dr. Mustard, please. 
DR. MUSTARD: It is simply a substance within 
Tl 30} cells that, when it's released in contact with the membrane (ope 
Ti 


another cell, will induce the cell to divide...that LS. CO 


87 (6/76) 7540-1171 


_demab riset = a> 
“bey, ad ey r.. atss72 afd 4.0" Y¢ 


oxesziw stad’ CS palticous ~eP 2UR hoe | 
yeds seauteiot a fnem Tes Ro stastse panaine aa9 +8 
tstialvigs xaeloe/ Ie ‘eds at sottie Sheeppin = a prisna 2s 
~aiiao iinsam Biome aoex a peta sud atti 

woytastee $1 overt Sfucda on edyen RAP eOR a 
ack ayéfacoxg@é ot fa-..e's santas t .wanebive at 

.entt +35kW an 

cast .womr tipit Aseswd & Saag oo 1 ee wey of 

boy OF qo etal +47REAl +58 

snes © ,eniep geet watlear bivou T chendaw AM 
.dostdn2 2ifta eo ilits yliselget w’> stgessd 

una bowtetebna I 3i oor smcjat .2 UEGRAM an 
sat snd. od sete of bebis av’ usy-2nlAt t sere sanscsia innoiszhbhs 
:  ,Suode “‘gousies 

on of wEndjeat 16} find’ se aise .28 Sooserehey 1 =A 
pew prtisned aay 1 dete ,atldesep e*ixedem® «46 szolem nOLtadcp 
suqesas cid Jets far Lied sft avacig. yi iertapese ese4)3 af? “ta:2 
ais Aw feO coset ontiumen Les 1349 bribe Bontatapd exe Aoice 
aietoio tau 22 Roapisel qifesaisom @7F gots Meyaned ban i695 
4 #06 Oca Khowils <4, Ie ifew aaa ofp fia® meade q2s>. yess 


lefuy edad (won > eiteeined 2 


2a beeieyobew 3 ae bos 3s besgae I 


tae ob 03 — theme te Teaodtthas_ meet pees 


= 


- 31 - Kotin, in-ch 


ii DR. MUSTARD: (cont'd.) proliferate and make 


more cells. I guess the major development in biological sciences, 


| | both in terms of the process we are talking about here when you 


oO 


repair yourself when you cut your hand, is that the macrophage 


i il does have the capacity to form a mitogen when it is stimulated, 


and that that mitogen can be released at these sites and affect 
the cells in the area to divide wand proliterate. 

I guess in the case of the lung, the argument would 
| be that this would produce increased proliferation of the type of 
) ¥ Gell, the fibroblasts which would Contribute to fibrosis. 
| MR. WARREN se Okay. “lothinke lL sunderstand»tt. 

What the suggestion here is, is that not only 

that the enzymes which are designed to eat protein, as I put it, 
are leached out, but also that these enzymes act as mitogens...no, 
ig) NOt act as, produce, induce? 


DR. MUSTARD: You wouldn't call the mitogen an 


enzyme. 
MR. WARREN: Okay. Not act as. They induce 
mitogens which in turn generate the cell division which results 
in fibroblasts for connective tissue forming in that area where 
20/ a hole is made by having been eaten by the enzymes. 
Is that stating it with some degree of simplistic... 
THE WITNESS: It's compatible with both, yes. 


MR AWARREN? QO; Right. —BUc what “Dr. Mustara 


f 
a 
I 
y 
I 
a 
| 
il 
| has added then, to this hypothesis, is not only that the enzymes 
a4 weeds causing the damage to the structure of the aveloli, but 
that also the enzymes trigger the process which generates the 
Tl proliferation of fibroblasts, which constitute the connective 
tissue known as fibrosis. 
ry Correct? 
THE WITNESS:” Ai Yes. 
5 30 Q. You say, in response to Dr. Mustard's question, 
al 


that this phenomenon has been seen in a study addressing this issue 
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ons 2. — Kotin, in-ch 
OW (Cont. d=) with: respect. to, asbestosy 
Aw) it nas been sreported, ves. 
Q. Okay. Can you elaborate a little more on...I 


recognize we will put the study in the record...but can you elaborate 


for us what that study tested and how it reached such a 
conclusion or observation? 


A. It was a study aimed at determining what we 


are addressing, the issue Of fibrosis and response, to exposure 
190| €O asbestos, and it was exploring different possibilities, 
different mechanisms, for fibrosis. This is one of the 
observations made. It's a very early observation, it's one that 
is associated with just acute exposure, its relationship to 
ultimate fibrosis cannot be determined by this set of 
experiments, which will contine for years to come. It is 

15; apparently a dose-dependent observation. It takes an accumulation 
of fibers to do it, so I normally would not have mentioned it 
had not the question been asked and I thought perhaps my knowing 
it automatically made it mandatory that I had to let you know 


about it. 


20 
Observation which points more to needs for additional studies 


pather than jtuhe basis forsdrawing any conclusion reaqnt, ofr. 


Q. This process that we have been talking about 
is, as you say, as you have said both here in oral testimony and 


I think you say in.tab,three,.one of the explanations. for. ... 


25; possible explanations for fibrosis in the iu eve pe 

First of all, can you tell us in simple layman 
terms what fibrosis is? 

A. Fibrosis is a scar formation, I guess, reduced 
to its simplest form. You see, every tissue is not endowed with 
theisame 1capability toyrestoresitssoriginal cellularsstructuresor 


30 
its original framework. Some tissues have enormous capabilities 


ES 


£ 
i i-think at this stage of the game it is an 
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AS (Genbia>) a tOstTestore therm inttial) structure. 
For instance, the liver of an animal. You could remove as much...or 
in a human being...you can remove as much as a half to two-thirds 
of the liver and the regeneration process will restore the liver 
so that...at least in animals where you can make the necessary 
studies...four,.months later you could never tell that this animal 
had any of his liver removed. That is one extreme of enormous 
Capability of regeneration. 

A neuromal cell, the actual nerve cell in the brain, 
is at the other extreme and it has no capability for regenerating 
itself. You were born with as many nerve cells as you are going to 
have stom the rest. ch.voursli1 fe. 

Now, between the infrared and ultraviolet ends of 
the spectrum there are varying degrees of capability. The lung 
falls into an area where regeneration of parent tissue, parent 
cellular structure, is limited, and wherever you have the inability 
to restore, or a very poor ability to restore, the normal parent 
tissue, then the venys. .lswas going \to say. cheap, perhaps better... 
inexpensivesaway. thesbodve hasvor filling in the void, the gap, 1s 
by a scar. I guess a burn is the experience, or a gaping ulcer 
Or a bad cut, is the best example we know where a simple...cut 
You reiingen withpa knit fesand.you will not cet a scar. A sharp 
knife will...the capability of the skin to regenerate itself..well, 
two days later you may have trouble remembering whether it was your 
eighniion lett ehunbstnatsvoul cui. J Butea good .ouge Oul of the 
skin, beyond the ability of the skin to regenerate itself, will 
result in a scar, and we all have scars. 

This is the replacement of the parent tissue by 
the very inexpensive tissue, and by that I mean inexpensive in 
terms of body economy. It is a tissue that grows very, very 
rapidly. Its nutritional requirements are transitory, because 
ultimately the scar burns out and it's just a piece of dead tissue. 


Well, the avleolar area of the lung belongs to 
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A, (Cont Vdiiar tthelArc loserittorthe poorly regenerating. 
It can regenerate, of COUrSG =: DUL G*ithasivla Samited Capability, and 
particularly, even...whatever regenerative capabilities it has... 
1£ a sufficiently large enough area of the lung has its cells 
destroyed, for whatever reason, it is then scar tissue can come 
and replace the functional part. In some instances you get a 
combination of regeneration and SCdai,.s1der by? side. 

So fibrous tissue is a scar wherever in the Dod at 
May be. 

Q. One explanation for the fibrosis which occurs 
in the lung as a result of asbestos SXPOSUTE,4 Or may Occur asa 
result of asbestos exposure, is the one we have been talking about - 
leaching from the macrophage enzymes which carry out the functions 
which you and Dr. Mustard discussed. 

You noted in your article that...at tab three...that 
there are other possible explanations for the fibrosis which is 
seen. Can you tell me what they are? 

A. Well, first of all, some variation on the 
question that Dr. Mustard asked, and that is, it has been known 
that certain materials can have a direct stimulating effect on 
Scar tissue without necessarily going through the antecedent or 
the precursor step of having tissue destroyed. 

In other words, you can get fibrosis as a result of 
direct stimulation of these fibroblasts, which is a fancy name for 
the cells that make connective tissue, by direct stimulation. 

That is an example of another mechanisn. 

O,eoLetusistopéon@thataonetfor@acseconas]® That one, 
in a sense, separates out the second of the two functions which 
you and Dr. Mustard discussed, and it might suggest, for instance, 
that in the macrophage, or as a result of the macrophage having 
been pierced, that enzymes or something else in that macrophage 
induce, in turn, the creation of antigens which turn on the 


fibroblasts. @atThatlsnone possibility? 
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A. (rPabroblastsscanebe Gurnedvon,eves,..and, for 
other materials}uother fibrosing experiences, as it were, a 
macrophage factor has been identified. 

OR. Uhacwse the nextequestionely was going. to ask, 
and that is, we have discussed in these hearings other kinds of 
damage to the lung as a result of other agents. When you say that 
macrophage involvement has been demonstrated for other kinds of 
chronic respiratory impairment in the lung, what are examples? 

A. I think one example which would almost encompass 
what we really know about is in the instance of silicosis, where 
indeed the role of the macrophage has been documented in a way 
that is infinitely more precise than has been documented for the 
role of the macrophage in asbestos. Here, a cytoplasmic component 
of the macrophage, a cytoplasmic component has been identified in 
which resides, perhaps, among other “things as well, the Capability 
to induce fibrosis after exposure of ‘the cell to’ free crystalline 
Silica, 

That's, ds Lt were? *now silicosis. Sethe fibrosis 
in silicosis gets initiated and then progresses. 

Q. We've discussed two kinds of mechanisms that 
might explain the observation of fibrosis as a result of asbestos 
exposure in the lungs. Can you elucidate other possible 
mechanisms? 

A. Highly theoretical ones. We know, for instance, 
that for certain allergrc, in the broadest =sense ot wthe acer, 
in some antigen-antibody reactions, particularly in the group of 
diseases called collagen diseases...and collagen is one of the 
components of connective tissue...there is a production of 
fibrous tissue, and the origin of those diseases or’ the®roots of 
those diseases are presumably located within the immune system 
capability, so that it is not inconceivable that there might be 
an immunogenic factor. When you start talking immunogenic, you 


are pretty much using that big word as a euphemism for ignorance, 


7540-1171 


a : 
- 


ae | . 
apene oe ee —_ 
Ons. ..noy . 0 


5 ; 
iv} 
o~ 
ity 
< 
~ 


eldoe se +f 


| <b | 
taf OF Bas soe I nolaesut ont" 1 ef san = e i 

| to ebtis 1o @parieed sesd? Gt Dbesegoela evade eh anita ane 
jefy vse a ts ies: tt ico FO tlvass * Ce St & say #2 erenar ; 

3O etat 1 bejessercuahy Soed asd gage eelavni 3p pidge i 
Sgsiarteve. 2:5 aertvy ,.vitel on? a2 Saomgequr ¥ raa6 Phzes al ; 
agecagsnia yeanmie Bisew doi tw siqmexeS eno aaras 7 ih - 
a2 2 A si3' mr &:. dpods vord glise: ev Yewe | 

b Eacnas ‘ ; buinesaam 2a to olex efit Lexan: | 

+ > Des etal) th mew 398. = * atl gietznltni @i sen 

? ama * t. 3 6 , e718! satesr! , eopietivem sri¢ 30 slor 

ai Paftisnabr 424d Sc - Seensgrw. Simeaiece 53 ipeilig¢ivem o42 fe 
Pil s Saks iy flew #4 epejad x.edt eres . ated nofdass aalcw 

* : —— 
Mateyic shtt oo fled ott to-s2epoges t°3Se Giese eoubat cy 
<apil g& 

1m wits. 2elLeovelsa won se 22 Bs ean? | 

 . soRpegtporg nerd offs Bedntd ink adop akeons [tp nt 

1.48 aoaltedoad ie ebait own Deregoerh ive 


=~rsoudey > -(ieny 4) 26 elaardla ic - edo ef? cemtges api - 


sLainsog yoo Avebinisins ino ns “ aieek edit — } 
_ i] 


eo qposp, 012.02) ULIsi Lo lesey jicost ybotié- oe 
; i > i 
a 19 309. ef népsilos eee il ragation 2 peLes 2 ae 


. 


ig "id. ~~ & oi $3 sts « tates aa Rane vicky 

to svios att eS wh? neerb g@uory to ai9tio 3 es ng 

a retin es chads ion heard ee nity ne nee 
od aiee <9 any efdyviss on 2 ai® sede 
= oer rami, eth ATI oan a —_ 5 32982 

sis 12 eae zg ae i wet 1613 


Te 


ws 
« 


on f & & | 


‘-, 


87 (6/76) 


10 


15) 


20 


25 


30 


-) 


- 36 - Kotin, in-ch 
A. (cont'd.) really. We don't know too much about it. 
Puteit s certainly valid descriptively. 
OO. Okay. 
MR. WARREN: I think if we want to take a break, 
this is probably a good time. 
DR. DUPRE: I shall assume that we want to take 
a break then, counsel. Shall we Liserun tilvshait Wwe Say five to 


twelve? 


MR. WARREN: Okay. 


THE INQUIRY RECESSED 


THE INQUIRY RESUMED 


DR. IDURREs: Counsel Siva you proceed, please? 

MR. WARREN: Q. One or two sort of followup 
questions on what we talked about earlier this morning. 

On the use of the animal model to draw conclusions 
about the deposition of asbestos fibers in the lungs, what work 
has been done recently on this question and what does it add to 
the discussion which we had on that issue this morning? 

THE WITNESS: A. Perhaps the most recent work 
would be that of Arthur Morgan at the Atomic Energy Pacitity at 
Mil lpHidsl ine the Una ted Kingdom, who has added the dimension Ot 
isotopic labelling of fibers and following them, both following 
inhalation as well as following their translocation within the 
respiratory tract, and it is clear that arthur Morgan's work has, 
with more precision, by virtue of the greater elegance of his tool, 
pretty much confirmed earlier observations of people like Webster 
and his associates down in South Afpicapethatevirtuallyvalle.. 
certainly better than ninety-five percent of inhaled fibers in a 


cloud are cleared and not retained within the lung. Some figures 


gO up to ninety-nine percent, and Arthur Morgan is continuing his 


studies, but as of now his published work over the Slast "couple of 
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A. (cont'd.) years is verifying and getting greater 
precision because, as I say, of the tool that he is using - 
isotopically labelled fibers. 

Q. Ihave three different articles by Arthur Morgan 
that maybe we ought to put into the record....simply so that material 
will be there so that we can refer to it in the future. 

Maybe I can get Miss Jolley to make, or Miss 
Kahn...excuse me, two Lindas is getting me terribly confused...to 
make copies of these for the record. 

These are the three, although they are my marked-up 
ones. They are my marked-up ones though. I think you have those, 
but we can put them in. 

MRe GASKINGES 2 Whys donetoyoulgustiread them into 
the record and we'll give them an exhibit number. 

MR. WARREN: All right. 

This should be exhibit thirty-one, and the three 
Papers. that I am referring to, 1.would* like, toyput -them-in 
chronological order. Let me just give the names of the three. 

The first one is called Fiber Dimensions - Their 
Significance in Deposition and Clearance of Inhaled Fibrous Dusts, 
and this is by Arthur Morgan. 

The second one of these, which probably ought to 
be thirty-one B, iS a piece by Arthur Morgan and two other 
gentlemen, Evans and Holmes, and it's entitled, Deposition and 
Clearance of Inhaled Fibrous Materials in the Rat. Studies 
Using Radioactive Tracer Techniques. 

The third is an article by the same three gentlemen, 
Morgan, Evans and Holmes, called, The Deposition...it could be the 
same piece...Deposition and Clearance of Inhaled Fibrous Materials 
in the Rat Studies, Using Radioactive Tracer Techniques. 

DR. UFFEN: Do you have a date on them? 

MR. WARREN: That's what I'm...it is the same, so 


let's forget the last one and make it only the first two. 
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MR. WARREN: (cont'd.) The dates on those...the second 
one_is_19/7...ltis. thenquestions,ofs thes farstsone,cand Isthink the 
first one precedes the second one and is about 1975. But I don't 
5; seem to have the journal citations of this, so I'll have to get it. 
DR.ADUBRE: Mayet takesiteacotnses athatethisuis 
the same Morgan whose progress report is cited in footnote two of 
page 140 of tab three? 
MR aWARRENss (LIsuSpDecE sO, ebut letlsecheckethakt. 
DR.» DUPRE sen ThateiSeaeLo /Gereporte 
10 MR. LASKIN: It appears to be. 
MR. WARREN: That was three...? 
DR. DUPRE: sTabsthree , page«40 -sfootnote.two..- 
Progress Report to the IOEH/QAMA, Montreal, 1976. 
MR. eWARREN*wleSCOne sl Lishavesto ask Dr. Kotin. 
THE WITNESS: A. I beg your pardon? 
MR. WARREN secO wet LS you | hookraGepagakL40 ofsatab 


Saag aR 


_ - 


15 


three 4.5 
THEW LONE SS > 6 th. eyes: 
Ojo -sreference stwo;, sthere \s san (Arthur “Morgan 


Progress Report to IOEH/QAMA, Montreal, and I guess the question 


20| 1s, is the article we are talking about the finalization of the 
study which is cited by you as a progress report? 
A. They cover the same areas, yes. 
DR. DUPRE: It is the same Morgan, then? 
THE WITNESS: It is the same Arthur Morgan, yes. 


oe EXHIBIT # 31 A & B: The abovementioned documents 
were then produced and marked. 

MR. WARREN: Q. Now, we have discussed these two 
clearance mechanisms - the mucous cilia escalator and the 
macrophage mechanism - and you said a moment ago that these two 
clearance mechanisms are ninety-five to ninety-nine percent 

30 


effective. What's the basis for that statement? 
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A. Well, clearance studies, as I say, have been 
done by the group at the Pneumoconiosis Research Unit, Pooley, 
Timbrell<and) their ‘associates at the PRU in Cardiff, Webster... 
Ian Webster, who is at the South African Institute for Medical 
Research in Johannesburg...those are at least two sets of studies 
tnate come wos mands 

Perhaps I should emphasize that, this might be a 
good time to indicate, that all those studies, the conclusions we 
10| are talking about have meaning only to the extent that they 
are compatible with the dose-response and all the other elements of 


the study. 


Q. Let me ask that. When you say ninety-five or 
ninety-nine percent effective, would the same conclusion hold were 
Ei you talking about massive exposures? 

15| A. Well, the same conclusion...rather than use the 
Tl word massive...the same conclusion would not hold where the 
normal physiological capability of this defence mechanism were 


exceeded. In other words, all of these capabilities have a finite, 


all of these biological properties have finite limits which can be 


transgressed. Then obviously the overwhelmed defence mechanism 


20 
would not be nearly as effective, and in fact would be totally 


ineffective. There could come a time when...we know of instances 
where the...you get paralysis of the mucociliary apparatus, 
particularly ingjrelationmro cigarette smoking where you can 
quantify the gradual decrease in the ability of the mucociliary 


95, apparatus to clear, or the ability of the macrophage system to 


statement it really has no meaning. You have to state it within 
the context of either the experiment or the clinical observations 
that were made. 

30 Q. We've discussed this morning the sedimentation 


and» depositionrofetibers,in theylungs;wand)\weivesdiscussedrverence 


¥ ingest. 
I yustibroughtr that upibecause aseansopensended 
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Q.. (cont'd.)) mechanisms. Does iat matter in this 
discussion whether we are talking about chrysotile or crocidolite 
or amphiboles, or whatever? 

5 Ne) Gin iterms «of athe, physical: biology,,,if there is 
such waikthing jAfopeshewtiber, I would say the Chemical makeup of 
the fiber would have a minimal influence. I don't know that 
anybody can say all or not, but I think it would be a minimal 
influence. 

Fe OQ. Letisetalk about athe-physical spicture of <the 
fiber, sfiusthofhallpsand) thendget the«chemistry. 

AS Leunderstand theechrysotilestiber, iti Ssagoing 


topbebmore curly eandeitis gomnggto Navera ditierenteshape, than 
| the crocidolite or the amphibole. First of all, when we talk about 
yl ) the diameter offa curhylfuber;awhetedo we mean? IT have a vision 

i5| Of it being different and to say diameter maybe means something 
different. 

A. The diameter, ofsa*curly fiber is determined 

by the outer diameter of the helix that the curly fiber...if you 
envision an automobile spring, or any kind of a spring, that would 
be’ a curlicued chrysotile fiber. Well, the.diameter of that. fiber 
20' is determined by the diameter of the loop, and the largest loop 
Withimethat hed ix. 


Tl 
i 
wl 
a Do I make myself clear? 
Q. Mmm-hmnm. 
nm A. And that's what is meant by diameter, and 
ae that’s how you report diameter. 
Q. With that qualification in mind, and again 
Q let's keep aside chemistry for the moment, do the sedimentation 
rates and deposition qualities which we talked about this morning 
vil appear to apply equally to all fiber types? 
A. To the extent that the fiber types would be 
gl 30| similar dimensionally, but inasmuch as an amphibole is rigid as 


compared to chrysotile...or perhaps you can compare ordinary 


ie 
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A. (cont'd.) chrysotile with harsh chrysotile 
and you get away from that...it would be different if they are 
atrrerenc. It Ss almoscua redundancy, but if they are the same, 
S|} the fact that you call one an amphibole and one chrysotile would 
not make a difference. 

Dairestacingmreedawkwardly @ Due. wo. 

Me SUA, waWwerl Laver 


re oe. Ce CLmMmenronre as’ a constant... 
Or 


“ ---when we are talking about deposition then, 
itis physics that matters and physics “ts ‘the Same so. bnysics are 
the same, I don't know which...is the same whether applied to 
amphiboles or chrysotile, assuming we are talking about the same 
fiber diameter and length? 

A. I believe so, yes. 
15 Q. Now, is the same true with respect to the 
clearance mechanisms which we have discussed? 

A. No. There are differences in clearance. 
Again, mechanisms...the more recent, as I think I referred peeoly 
elegant techniques for studying clearance are beginning to...the 


new data, regretably, “are’ not ‘constant. ~There “dre prtor instance, 


20, substantive differences in the rates of clearance in the reports 


of Timbrell and Pooley when compared with Arthur Morgan. They 
are quantitative differences. They are differences, I think, 
that it's too early to say whether they are meaningful in terms 
of possibly explaining any postulated differences in biological 
| Butlvcléarlyanwampntpole wnicir-is-a@ mgr r1ber- which 
has a spicule end. “you"know what I mean, it doesn't have a 
rounded end, a soft end...opportunities for mechanical retention 
are postulated as being greater for an amphibole that can't 
mold itself to the passages and therefore gain egress, and so on. 
Lies a5ti Piv*an Open question in *termao. -themost 
30; recent data, but I guess reduced to one sentence, yes, there would 


be reason to believe there are differences in the clearance rates 
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A. (contd: ),s.of «amphibole. and’ chrysotile. 


Q. Based on the shape or physical nature of 
the fibers? 
5 A. I believe so. 
Q. It's because of this spicule end, which means 
it has ;aglot oda ttle subfibritls coming outwot. the: ends? 


Arie SCE Smoot! aahansh.? ganbridslo pad) typeof ind. 


Se ag 32S 


0.8) Onencans postulates then that that physical. 


characteristic makes the amphibole more likely to adhere and 


10 


there fornesmakesithes . ~letissy Saye mucociliary escalator Wess 


efficacious ins sweeping: itsupsintoythe throat? 


Ase) YCS.egen .addition,sitheres are~some: who feel that 
this sharp edge gives it an advantage in penetration through the 
substance, of themlung, @iYousiknowl, mits) gotean rauger bit), “asi t 
15, were, rather than a nice, smooth edge. 

QO.4 ' Let's? go. back andj just) Speak for,aabrief moment 


about Timbrell, Morgan, Pooley and associates, who have been looking 
at this kind of question in the animal models. 

Is it fair to say that the hypothesis which we 
have been discussing of a differential retention capability has 
20; not been demonstrated by this research? 

Asie NO pay tthankjateyousgwere to ask Dr. Morgan. ..or 
let's pretty much stay with the group that has been at it much 
longer...if you were to ask the group at the Pneumoconiosis 
Research Unit, they would say they are satisfied that the data 


support the difference in retention, with the greater retention 


25 
being that of the amphibole. 


Quep All rightie Now,+ let'stalk, about. chemistry: for 
a minute. One of the things that come up in these hearings is a 
greater resistance of the amphiboles to acidic decomposition, and 
my question is, do you believe that feature, a chemical aspect 
30! as Opposed to a physical aspect, plays any role or any significant 
role in the pathogenicity of the asbestos fiber? 
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A. I would have véry great difficulty in 


reconciling that with the experimental observations from the 


self-same very fine institution, the Pneumoconiosis Research Unit. 
5 If one looks at the experimental data of Dr. 
Wagner and his associates, in reasonably clean systems...by clean 
I mean experimentally, not aesthetically...where you don't have the 


confounding factors of multifactorial exposure, and so on, there 


, 
| 
f 


really *isn St anyrdnfteréncesinethe+pathogenicity vssaf Ctheyrwere 


chemicals, I would say on an equimolecular concentration...in a 


HO fiber concentration, equivalent perhaps...between amphibole and 


chrysotile, he gets the spectrum of diseases, and in some 


instances gets more disease with exposure to chrysotile. 

Clearly, the handling of the amphibole by the tissue 
FULCES;, AS VE were; Bin Ghe®animaltmoedel woutdmmot ba all that 
oF aQ@ftTerenty "1 would*be surprised if it were...in fact there are no 
data to suggest it's different than it would be in human tissue 


PAMILAaS ? 


So that’s* just one *reasonPthat l4question@it. in 
my Own mind. 
DR. BUPRES® €Drv*4Kotiny “if Pimay+asky there aretno 
20; data that suggest that it is different. Does that mean that there 
are data that suggest that it is the same? 

THE WITNESS: Just the bioassay data of 
experimental exposure to a variety of asbestos show, within 
acceptable limits, an equal potential, as it were, for the 
production of disease. So that-if£ indeed’ an ionic effect of 

zu tissue fluids on the amphibole were a critical factor in 
pathogenicity, I would ask the question, why do we not see it in 
animal models. 

MRe “WARREN: #«*©O% ©Gan-yourtell<usra Paeteletmorery . 
the experiments which you discussed in response to the chairman, 

29, Dr. Dupre’s question ey swhatedo-they@Consistsoren In@other wordsy 


they are carcinogenic bioassays of what type and through what 
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Go (cont. ds route Of administration: 
THE WITNESS: A. Animals were exposed to clouds 
of a variety of asbestos types. The initial studies were done 
5| with the samples prepared for the International Union Against 
Cancer, the UICC samples, and these were inhalation studies done 
DOLh-=. well, let me wirst stay in Gardiit, torstne moment. .<by 
Dr. Wagner and his associates, in which a protocol was developed 
for different types of exposure, different intervals of exposure, 
different degrees of exposure and different materials. 
Ly Inhalation studies were also done in South Africa, 
and again it was a cloud study where animals were exposed in 
inhalation chambers under acceptable experimental criteria, and 
the results were as Dr. Wagner has published in the British 
Journal of Cancer in a series of two or three, by this time 
(= perhaps -tour, articles. 
Q. Did the studies test in a side-by-side fashion 


the pathogenicity of amphiboles versus chrysotile? 


A. A variety of asbestoses, including...of 
asbesuos Cypes...10Cluding anphibolesanadecnirysottie, =vcs sin. 


Q. In other words, the protocol specified that 


20) one group of animals received dose X of chrysotile and another group 
of animals received dose X of crocidolite, another of amosite, 
and then the inpoints from a pathological standpoint were looked 
at and they were within... 
A. They were... 
OO ‘.eLIMlts Whichswere NOtestatisti cally 


25 
different? 


Aw 1 Glan e Calculace any Statigticad, but 
basically, Drees Wagner, =) stnink sin 12S published arteriole, noted 
the common pathogenicity...the commonality of the pathogenicity 
of the various types. 

30 Q. Now, a question which I think has been raised 


previously in these hearings about the animal evidence is this, the 
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- 45 - Kotin, in-ch 
Q. (cont'd.) suggestion has been offered by 
some that to be sure the fiber types produced effectively the 
same result in animal inhalation studies, but that that conclusion 
5; May not be extrapolated to the human system because the retention 
time in the lung of humans is many years, whereas the animal 
model tested in the rat with a lifespan of two years, is much less. 


Consequently, there is in the humans a longer period of time, for 


any decomposition as a result of lung fluids, to take place. 

How do you respond to that hypothesis? 

10 A. I would respond by saying that telescoping 
in time in animal models of what happens in man is perhaps one 
of the few maxims in experimental carcinogenisis. Or in fact, 
all negative bioassay data in animal models could be challenged 
for Che .came reason...) 1.0d0n t biuvelt. 

ToewcOLO. laryeOnetiatere note Chats lmdon tube. tave 
ad in dose response. I defer to nobody in my commitment to the 
concept, but I think that when you use an animal model, the 
very principle of experimental carcinogenic bioassays, by whatever 
method, is predicated on the assumption...we won't argue or 


discuss for a moment the validity of the assumption...but it's 


20! predicated on the assumption that an exaggerated dose, the 
artifactitiously high dose, is an adequate surrogate for the 
shorter lifespan of the animal when compared with man. It's 
an entirely different area for discussion. 

SOs te Cal lyvet lies inetne taceso. the pprinciole 
of carcinogenic bioassay, because we use no species, whether 

25; it's nonhuman primates down to rodent species, that has anything 

approximating the lifespan of homosapiens. 

QO. Okay. Can we turn to a related question 

on fiber types and fiber chemistry? When we were talking about 

the macrophage response, the macrophage engulfment, one thing 

we did not discuss was, the so-called creation of a ferruginous 


30 
body. Gan you, firsteorlall explains togus,what.a.ferruginous 
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- 46 - Kotin, in-ch 
Ose COnCuG.) St bOUvVeLsS: 
A. Yes. A ferruginous body is a body seen...body 
is a bad word...it is a tissue component seen under the microscope, 

5; which has a fibrous core around which has been precipitated an iron 
protein colloidal complex which, because of its iron, when stained 
by special iron stains that the pathologist has available to him, 
will take on a characteristic colour which says that the stain 
has united with, chemically reacted with, the iron in this iron 
protein complex and it's there. 
10 the fibrous’ Core 1s... .the presence, of the fibrous 
core is what initiates the formation of a ferruginous body. 

If you will recall, we mentioned that fibers of... 
speaking in terms of microscopic dimensions...fibers can be 
inordinately long - a hundred micrometers in ANSSeNsMEl ats Cone s2nlisieal x 
seventy-five micrometers in length, and what happens is that a 
ag macrophage which is clearly incapable of ingesting this material 
may be part of a group of macrophages which surround this fiber... 


again, that's almost a defence...and I guess the analogy that I 


can think of most clearly would be that of a sliver under your 
skin where you don't see it, a group of cells arrange themselves 
20) around the sliver and so a group of these macrophages, because 
they are incapable of ingesting the fiber or sequestering it 
by themselves. 
Now, CO,erlectively engulf this Piber oreneutralize 
it, the macrophages, again through a system which molecular 
biology has yet not elucidated, form what we call a giant cell, 
25; and pathologically a giant cell is a cell that is not only large 
in size, but has many, many nuclei. The normal cell has a 
single nucleus and a single cytoplasmic component around which 
there is a cell membrane. 
Now, these giant cells can be formed in one of 
two ways, Or giant cells in general can be formed in one of two 


30 
ways: They can be formed very simply by Navang a celisdivide 
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A. (cont'd.) its nucleus. Its genetic material 
can divide. But the cell membrane itself will remain intact, 
house the two nuclei, be or not be...but in most cases be much 
larger than the parent cell was...increase cytoplasmic LUnceLOn, 
and that's how you have what we call one form of a multinucleate 
Giant eceiair. 

Another way for these giant cells to form, and 
probably this is what happens in the formation of a ferruginous 
body, is these eight or nine or twenty, whatever Be 1S), eGranc 
cells align themselves around this...I'm stating ii Adramatically, 
I've never seen it happen, although I've seen electron micrographs 
of macrophages apposing fibrous material...these cells have the 
ability to dissolve their contiguous areas of cell membrane so 
that they dissolve the membrane and rather than having ten 
little balloons, as it were, each with an intact cell membrane, 
you have a single cell membrane encompassing all of them, and 
of course the residual nuclei are now part of one very, very large 
cell. 

If you can see that the cells that make up this 
membrane were...and thinking three dimensionally...on all sides 
of this fiber, then the fiber would, for all intents and 
purposes, be entirely engulfed by tvs giant cell. 

QO. A couple of "questrons “about coating, (First 
of all, where does the iron come from? It's called ferruginous 
because of the iron, and where does the iron come from to make 
up the coating? 

A. Well, Iniuby ws Talmoste. speakang nia 
pathological sense...is almost universally associated with 
injury to the vessel wall, but I'm speaking of vessel in the 
micmwscopic sense, the tiny capillary, the arterial or the vernal, 
and this injury to the vessel wall results in the liberation, 
the extravasation of blood into the area, blood containing aon), 


particularly in the red blood cells. These red blood cells, again, 


7540-1171 


| @umek beat 


= | 

Setantaci slsenepe eft . sun © i (.6 ‘ dings ; - _ 
,$nadat claroy Idig Mesh 4 i pooh a 7 Me ait - hays ceieais 
Ai, ed Gee odes ef gud. ed ee ee 


, Soften § aldselectys Reape eps = eiey ez ced “wepens ig 
pfeetfounisinug = to mial sae flew sy: pov a Boy aired atta Sas 
ish sneéc 


Sa8 \sixet ot Bites iisip seb yo% yew s6rdoas ) 
evdaipwris? S20 pod rnaro2 ons m4 eregaert ad S! etds yidadee 
Seip .st 43 aevarad ,ysase2 yo enia 320 $chis seed? ¢) . yeu 
alemiifeoksh th, pirsnaera I... . eid ‘Smotm eevissueds apyilé gites 
afQecgosain HSid6vie asdf lay"T dpuettia .Gaqqsn s2 Rises. Ieee ay" 
os uset eile> Stpts.. . dedteran avemiiz goteoqun sepedquesen 3c 
G6 @7aztcem iiss Yo ehade export isegs sieds éeiereth ag giiide | 
nat prives asd? +ode5d Sma staetanem 9479 svingelB. yorts sets 
,eGitues Ligh sHacn! he dtiw ioee .etev 24 ae_.ehocl ied sf54)7 ws 
oom ,metit 16 lis pilessononite edatdmen Efeo sitp)s ¢€ gyad ww 
opins yssv ."tev enp 10 216g woe 620 Iafoun lepbtese eis enseecd Jo 
1 Lapp 
alae gu civor tend giles eff sary sez nao dy SF | 
eeoia fis me... giionoienoetS e@esris penisatd? bet, ..e7ev- enatauan 
eae eingen; Lie a62 ,tlpow tadi3 sic asd? .48di2 ai02 to |" 
-ileo Jratp aids vi fellopes giesisne ae eee0gm4 
seul eritson tyoda emuisaanp 26 elquod A 0 | 
aboenipraie’ tet iss asl nbad emo noxi ad? asof sow otis fo | 
Hat" 69 Gort “Suds oot; BAS 2505 sxedw na monk ety Ya’ ; gs 7 


@ Gi patileazas. -2somie et y 
agke Hesstsonns yf rm 

wis te Tsicay ee 

feria od} te fetresd= b ond , Yzolite 

ie tema 6fo nd ativess, ral 

tetra: gels nlesiion tents #3 a 

», neees. ip sali ob fein 
™ 7 


7 2 


a 
sl 
rT 
ry 

5 
ry 
rT 
ll 10 
1 
il 

15 
i 
i 
a 20 
il 
| | 

25 
a 
a) 
g| 30 
al 
a (6/76) 


- 48 - Kotin, in-ch 

Pe eCCOME mC) we Tavera tinttariitre and particularly 
in the alien environment of not being in the blood vessel, they are 
at greater risk to dissolution and the liberation of Gol. 

SO. that ron, in@adartron to being an essential 
trace element, is liberated into areas of injury from the blood 
vascular system, and that is a rather immediate and generous 
SOUrPCEC MOL ron. 

Q. So that the macrophages, whether it's one 
macrophage which engulfs a small fiber or multiple macrophages 
which operate together to form a Grdne Cell, Cali. Upon aval lable 
iron in order to create the coating which we are speaking of? 

A. I don't think it's that purposeful. It's 
a series of chemical reactions which are generated by mechanisms 
Enateware= ott Iti oe 

Q. Not at all understood? 

A. ...-that certainly I don't understand. 

Q. Okay. So the ferruginous body, though, when 
we talk about something being a ferruginous body, we are not 
talking about a fiber that is engulfed in a macrophage or a 
series of macrophages. "We are POlmiag aWouueca tt Den tld — tase a 
coating on it, with no cells surrounding it? 

A. It can...it depends where in the evolution 
of the fiber you happen to hit it: You can see the residue of 
former cellular material. 

Q. In other words, we may have a ferruginous body 
which has been recently coated, but the cell is still alive, 
and we may have a ferruginous body which was coated Tong ago and... 

Av’ "I believe that. iI can't say that I have ever 
seen the chronology. 

Q. One of the observations that other people 
seem to have made and that has been discussed in these hearings, 
is that the ferruginous bodies are d¥sproportionately...that 


ferruginous bodies disproportionately have an amphibole core as 
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- 49 - Kotin, in-ch 

Q. (cont'd.) compared to crocidolite, even when 
crocidolite exposure is indicated. True? 

A. I think you meant chrysotile. 

Ostedimesorry.02 Chrysottilerss i i-you-substitute* the 
word chrysotile for crocidolite in my question, is that observation 
COLrFect? 

A. Yes. This is an observation that Andrew 
Churg has made in his studies in California, and continuing his 
studies at the University of British Columbia. And this is an 
observation that has been made at Cardiff, at the Pneumoconiosis 
Research Unit, and it appears that those workinginthe field have 
found a predominance of amphibole core. Yes, sir. 

GO. eWhyCasathat? And I am not asking you why 
in the sense do you know the answer definitively, but why might 
one expect that to be the case? 

Ae Welle Lirstaotval® I@think, wand -thivs 1S. 2:qive 
me about thirty seconds and that will save ten minutes of 
talkingsifelsecdn formulate tmy tthoughtsr) well, I -would suggest 
firstethat the abpiity ,oprenuysotile, tomgene sproclivityeor 
chrysotile stouspliteintoniibri lse@ratnertthan “retain its fibrous 
structure... -Chemtibipis: are Still fibers, of course, they stril 
have the three-to-one aspect ratio and are just thinner...may 
be a factor. If we are looking for mutually exclusive differences 
between amphiboles, and particularly in persistence, and 
chrysotile, the amphibole remains reasonably intact in terms of 
its physical properties, physical characteristics after it has 
been inhaled, unlike the chrysotile which has the ability to 
Sp litweentcweri brid s . 

Perhaps another reason would be the differences 
in clearance rates, as we were discussing before. 

That speculation probably isn't worth much more 
than the energy involved in my giving it, but I would be really 
derelict ih Tididn'itvemphasize fitand. eee have tomthank about ‘this, 
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- 50 - Kotin, 1n—ch 
Me (cont On muthiseis almost paradoxical, if 
indeed the concept that amphibole has a greater pathogenicity 
than chrysotile, why should it be the one that shows the greatest 
5} response to a protective activity on the part of the host, inasmuch 
as...I don't think anybody questions the nonpathogenicity, the 
relatively less pathogenicity, the infinitely less pathogenicity, 


of an asbestos fiber that has been coated and is now an 


asbestos body, or core of an asbestos body...it seems a little 
re paradoxical. 
BivelaWolul Gmbik ce to shai ni abOUrmLn) Somer ists 
a.gquestion; aamuste say, Live mever thought about. I'm aware of 


the observations, as I say, of the group at California, now 
British) Columbaar, and. Cardiff... I don’t know. 

There's nothing about the biology that I'm aware 
15; Of, which doesn't mean awfully much, I suspect, that would explain it. 


Oveshet's talk about a related question. “I guess 


it's a related question. It would appear from the discussion 
which we've had so far that the efficacy of macrophage engulfment 
is tgreater) for short efibers than for longer fibers, simply because 


of the physical dimensions of the macrophage. 
20 
A. 


ves. 

Oise TEUee 

eR CShaS) ue 

@.. I think. you have said in your writings that in 
your judgement the pathogenicity of long fibers is far greater 
in short fibers than it is in long fibers, which are the bad actors? 


25 
d.n ASSUMing. the diameter is within the 


appropriate... 
Q. Assuming the diameter. 
A uae C SS s 
On melnucapeWhat'’sathe basis for syour belief that 
30| the long fibers are the bad actors, as opposed to the short 


fibers? —Tsitaptiustsotmabl,. tne eriticacy,| the greatergelticacy, 
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Sad Kotin, in-ch 
QO. (conta), “ofthe macrophage response mechanism 
to short fibers than to tongstibers? 
A. That would be one component of the rationale. 
5 Really, the rationale falls into two areas: One, 
what there are in the way Of data, and then how compatible the 
observations are with what we know about the general area Of 
Ccarcinogenisis, and more specifically, solid state Ccarcinogenisis. 
QomeELEGbs CGakeetheSfirst: 2) 
A. Let me address the first, if I may. 
40 Cleantyp thepwork of Wagner, of Merle Stanton and 
his associates, of Pott and his associate Friedrichs in Germany, 
William Smith at Barry ‘Dickinson University, and John Davies at 
Edinburgh. havea consistency in terms of data relative to length 
and diameter as determinants of potency, with the long, thin 


15 dogma, as it were - the longer the particles, and at the same 


time the thinner that it ish* in these experimental models, 
intracavitary installation in virtually all instances, there 
is a cutoff point for potency as distinguished from...I mean 
relative strength as to lesser strength, and I> think. .-its 
awfully difficult to quote pr. Stanton, but I think Merle...and 
20/ most scientists who have talked to him would agree...that he 
tended to lend very little credence to the sporadic tumor that 
he saw in animals that had not Short fibers, but shorter than has 
eight micron fibers in length, and his one micron or one and a half 


micron in diameter. 


So, there's this body of animal data using different 
25 


models and different techniques...or the application of the same 


technique by different scientists...that give consistent results. 


Q. Let me explore those studies for a minute, 
because I want to make sure that I understand and we all understand 
what those studies consisted of, what kind of Studies were they and 

30; what were the protocols. 


Can you explain, for instance, what Dr. Wagner's 
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=< 2 Kotin, in=ch 
QO. (cont'ds) “studies;consisted, of, how did. he 
test this question of fiber dimension and pathogenicity? 

A. Basically what all of them did...and I think 
5| what one can say about one applies to the other, but their 
techniques differed a bit...they resorted to intracavitary 
installation, into the thoracic cavity and into the abdominal 
cavity, of fibrous materials of reasonably well-defined dimension, 
and that's the most one can say for it...reasonably well-defined 
dimensions in every case, I think, but Merle Stanton's, where 


10 
indeed his samples were prepared with a finiteness that made each 


sample virtually...at least in the case of asbestos and other 
fibers...a research project in its own right, in other words, 
the standard deviation, the L-shaped curve was a very, very 
nareow one. 


15 Anyway, what they did was instil this material 


into the cavity, making sure that it remained in place we ln, the 

case of Merle Stanton, he used a pledget initially of a fibrous 

glass, as the vehicle for this, and then in subsequent 

experiments he no longer did thatageandy then foldowed the response 

of the tissue in the abdominal cavity, in which case would be 

20; the mesothelial surface of the cavity and the mesothelial covering 

of the intestines, and in the chest, the mesothelial lining 

of the pleural cavity and the mesothelial covering of the lung... 

and looked for the production of...what the response would be. 
Initially, fibrosis occurred, which was followed 


be by the production of malignant neoplasms in certain instances, 


and the rodent counterpart of mesothelioma, lets say, eand -they 
were able to correlate this with the dimensions of the EEDCr es wii 
the long, thin fiber being the more potent tumor producer, 
fibrosis producer, and the shorter fibers less potent to the 

point where Dr. Stanton and Dr. Wagner felt they had a dimensional 


30/ configuration which had no adverse effect at all. 
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- 53- Kotin, in-ch 
Q. What was the dimensional configuration which 
showed no observed adverse effect? 
A... Again, in. the literature you pays your price 
5} and you takes your pick. Some will say thicker than a micrometer 
in diameter, some will say thicker than two micrometers in diameter, 
some say three. Well, let's halve the distance and say that 


anything greater than two to three micrometers in diameter, and 


then in the length area, eight micrometers I think was Dr. 
Stanton's, was Merle's figure, but let's arbitrarily say five 
a micrometers. So that a fiber shorter than five micrometers in 
length and thicker than two and a half micrometers proved to be 
nonpathogenic. 
Nothing is non. in a biological system, of course. 
Ont REGhnE. GWhensVoOlueSayagcand el athink ethatls 
15; wWOrth continuing to emphasize...when we talk about numbers like 
eight or five as length, and two or three as diameter, we are 
net meanings like suumning.oObt thewsliont Oreabirn Engen athe sii Cit: 
There, 1S a .distribulLton.of seftecti. but wath-then~erfect beingueso 


small as to not be observable at some cutoff level? 


A. We have very few Newtonian equivalents in 
ou biology. 
Q. Now, when we are talking about the work of 
Stanton and Wagner and the other people that you have referred to, 
if we accept the observations seen consistently by those investigators, 
that is that the pathogenicity of fibers diminishes to not 
ne observable below five in length, two or three in diameter, from 
a biological standpoint how would we explain that observation, 
why does it make sense? 
Certainly one thing that we have discussed so far 
is the macrophage response. Is that the explanation? 
A. No, I think the explanation will lead me to 
30} the second of the two areas that I mentioned first. The concept 


that.phvysical.s#.birshyomeall;,-Lathink at's necessary to state 
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- 54 - KOtin, non 

A. (cont'd.) that the mechanism for the induction 
of cancer by a fiber, or by a solid state material - a hunk of 
teflon, a piece of cellophane, Bakelite, a dime, if you will, 
Canadian or U.S.A., it makes no difference - that the concept of 
the induction of cancer by those, and the mechanism, really has 
Singularly little to.do or has. very: dittle an the way of parallels 
with chemical carcinogenesis, and this is terribly, terribly 
important to emphasize. 

tis. Stamtiing,. DULL tne concept. of, chemical 
carcinogenesis clearly envisions some kind of an interaction 
between the chemical and the genetic materials, whether you 
aikylate one om the sbasesvors thes nucleatt tess (hat mane supe 
DNA helix, or whether you destroy some of the genetic material 
so that if it survives in its damaged state it codes for cancer, 
really we have no such data to support this in the area of 
physical carcinogenesis. For in fact, whether it's an asbestos 
fiber or a manmade fiber, or it's some elemental material like 
a disc made out of elemental silver or tin or gold, or a base 
metal, that is implanted and produces cancer, two observations 
have rather consistently been made: First of all, the material 
never gets into the cell. This you can demonstrate quantitatively. 
The dime is still the same shape, the hunk of teflon is still the 
same shape and the same size, it even has the same molecular 
configuration. 

So. it. not only, doesn't. get,into the cell, but the 
cancer that arises doesn't arise from a cell that is immediately 
apposed. £0, this dame, or this hunk of Bakelite. Or thise asbestos 
fiber. It is a cell. layer. once or. twice removed from the cell 
layer immediately surrounding this solid state material. 

Now, this was an observation made by Prayne and 
his associates, oh, many years ago at the National Cancer... 


originally at the University of Washington in Seattle, and then 


at the National Cancer Institute. 
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Awe (CON ue) lethnink =it) Svan ObDServation that 
Bischoff at Santa Barbara, who has worked for many years in solid 
state carcinogen sis, has verified, and more recently and 
infinitely more elegantly, again only because the passage of time 
has allowed for more elegant techniques, Professor Brand at the 
University of Minnesota in Minneapolis has shown that solid state 
carcinogenesis...there is a mystique, and again that's a euphemism 
for ignorance...but the concept of interaction between the genetic 
Material that occurs with a chemical, an alkylating agent or 
a frameshift mutant, or whatever you have, does not take place 
there. 

But what is very interesting is that you can modify 
the carcinogenicity of an agent in solid state carcinogenesis by 
modifying its physical charactertistics. This can be done 
precisely. 

SO. thats acnunk of teflon. the terlon,= tnesdaine,. 2 
nickel, it doesn't make any difference, that will produce a cancer 
bYSinstallalLon. under sche skinnOfe Aa rot, Otel Mone Ora li sOr ed 
newborn mouse as Zimmerman has done with teflon discs and so on, 
film, 1£ you take this and alter the physical characteristics 
of this...and how can you alter the physical characteristics of 
a dime, Or a hunk» of terion... .punch holes in at, do nothing more, 
reimplant the fenestrated, as it were, the windowed plastic material, 
and maintain everything else at constant, you have obliterated 
the Carcinogenicity.62f that Gisc,or that. 1.1m, 

DR. UFFEN: Can I ask, does it depend on the 
nature of the solid? There comes to mind something that you 
might regard as a solid - gypsum, another mineral. And you stick, 
instead of a dime you stick some gypsum in, and it doesn't cause 
cancer. Is it somewhere in between the chemical ones and the solid 
ones? 

THE WITNESS: Calcium sulphate has been...it's good 
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THE WITNESS: (cont'd.) to use that as an example... 
that has been studied, and the explanation for that 1s residence 
time. Calcium sulphate is particularly susceptible to neutralization, 
5| to dissolution and removal by tissue fluids. 

DR OPUFFEN | etGOel to Nolwastnue Solids 

THE WITNESS: Exactly. You don't have residence time. 

DR. UFFEN: You stick something like titanium or 
magnesium... 

THE WITNESS: You've ‘got cancers. 
a DR. UFFEN: Or sodium? 

THE WITNESS: Again, as I look and try to recall 
the literature, I can't recall that anybody has ever used sodium, 


because that would present certain other methodologic problems. 


If you use sodium as salt and even made a hardcast pellet out of 
15 the"salt “1st Fl *would@betsubject to. a: 

DR. UFFEN: How about as a silicate? 

THE WITNESS: That is interesting in the sense 
that one of the questions asked by students of pneumoconiosis is 
why the fibrosis-cancer sequence in asbestosis and not the 
silicosis-cancer sequence in fibrosis. 


20 There are suggested postulates, not the least of 


which is that indeed there is an increased risk of cancer in 

persons exposed to silicosis, and only modern techniques of data 

analysis are beginning to show this. It's highly speculative. 

Nobody is’ really *claiming it, @butecertainly#iteisoresthateis 

being mined by the biostatisticians and epidemiologists. 

sa Bute the re=weracdifferencesinethessenserorithe 

| Silicosis because the nature of the fibrosis in silicosis, and 

this is just one man's opinion, is an exuberant short period 
between the fibrosis and its being burned out, when it becomes an 
essentially nonviable scar. And!) further, the 

390| location of the fibrosis in silicosis —- the interstit ia lenatunes of 


the fibrosis in asbestosis creates a special problem for the 


BEBE EREEREKR KER BEKR BKB BK KAR ED 


AG 87 (6/76) 7540-1171 


eonusiass at gat) dX te Me 
mL ad Larsitiowtt at aidisqumern yes 

<ebiuty- 
‘hilen eri & 2OR ogeh: 
ni? ssmehipe: Sumit tried yo¥ ehdosies ae pa 
fo sitqeos3 elt exttdzaner = weit: Kay. 


. 289ns JOR ov iit BReuT ia Se 
teusboe 1) >AwTST - | ™ 
iécet o¢ ott bes dopo! ft 2h .okeapA ySeenrie on | 
Gnchoe tesu teve wad “botenn snd: Sinoky 2! ses 7 Cups epes tt ale 
eaalaots sipuigionites zaite BL4I299 Shouts. lhintw tec? gepesad 
to 70. dulley tussbiagd & Abad Gove tine sine RE Miuihoee ‘ogy gee Ti 
+3 208[die od Slavr Firse, 26 sibe: 40s 
' Sosgeclliu 6 of feta woR <MPaTY. .wC 
POOR BS 1. BNidenzesns ei 240T :2etevTw Aer 7 | 
Sl etuatnostewers: So véostr 72 ‘ed Gesrze BAcdaeewy ats to. dap tac9. | 
afi 200 bas elepseedes ol eonsuger sevcan-sleordt mp ye 
se1agr/:2 af gcmtropesr Tes SlaoOld op , 
to Shes or? Jon .getaiimteng teideppan wiy aired is 
Nt «byuase do 044. beespetn! os sit musds bpebt! 3859 2%: “dainty 
sjeb %5 eavpootsa3 tiabom ying bos ,eleesttic of heacixe -enperen 
~ ov} galornge Yidela 2'3t aia worla of @iidnipot eta ainylsns ' 
ai tho e280 oF 9 ysalstrss aud 3) paimisio yilees <a . 
 Grerbaleienftiqs Las snniotzatiuascld of yd Bohie pated | 
ad! He beaks 202 nb eoncasttib w eb wredd sve [a if 


- 57 - Kotin, in-ch 

THE WITNESS: (cont'd.) epithelium, because one of 
the interesting phenomena in asbestosis is that when you do get a 
cancer of the lung in a person who has been exposed to an adequate 
®| dose, ofeasbestos, and I think we can talk about that, that lung 
cancer is an increased risk in the nonsmoking asbestos worker - 
let's accept that for the moment, it is-interesting that the 
cancer of the.lung is ansepithelial;tumor, a tumor ofs«cells that 
line the tracheobronchial tree, not .a tumor of the connective 
tissue where indeed the initial stimulus for cell growth has 
i taken place. One can ask the question, if asbestos is that potent 
a carcinogen, why does it not stimulate cancer in the fibrous 
connective tissue cells which are present because of the sequence 
of events that we have already described? / 

Well, this is relative to the silicosis question 
15, because you don't see the same type of an epithelial response 
in Silicosis 1, Laeoccursmin a different place: and the fibrosis 
itself is a different type. 

Penepe biestGleams Fliere usm’ bryet tstmyotad lt 
rather ythan the ylact ethata. « 

DRacUrSENse Becanht claimaethate tus gemtivedy tolear, 


20; put you answered my question better than anybody has yet. 


DHE WEONESS.te0 eThank pyvour. 
Well, to come back, so here you see the concept 
of fiber being the determinant, of a dimension being the 
determinant for a carcinogenic property of a solid state material 
ne does not only, to use a double negative, fly in the face...it does 
not fly in the face iof jaccepted principlesof carcinogenisis;, but 
actually is entirely compatible with them. 

If you were to take...and let me use the example 
of another solid state material, some tin or gold or silver...and 
had it in a series of different dimensions from rock candy size 

30; to granular sugar size to powder sugar size to triple X powdered 


Sugar size, and kept everything constant in terms of the amount 
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THE WITNESS: (Contd. ) §iyou, put into the animal, 
where you put it into the animal - the same species, as you got 
to smaller and smaller dimensions, you would obliterate 
carcinogenicity. 

So that a gram or an ounce or a ton of granular 
gold or granular lead will produce cancers under the skin or in 
the brain, whereas the same ounce or pound or ton in super powder 
Sugar equivalent will produce no tumors. 

MR. WARREN: Q. Okay. Now, this afternoon after 
lunch we are going to come back to many things which were imbedded 
in Dire ULfen “ssques ton, mandesom. OOn, tCawant -CO Make 2G appear 
that we have left them behind. We'll get that after lunch. 

But if I can summmarize the...what you are saying 
about the biological, plausibidi@ey (of the findings cL Stanton, 
Wagner, et al, it is that the shorter fibers in length and thinner 
in diameter do nots.<right. 

Well, let's turn it around the other way, that 
the longer fibers and the thicker fibers are more pathogenic 
than the opposite. That's true perhaps because of the greater 
efficacy of the macrophage defence system, but in addition to or 
maybe related to that point, is the point that the long series 
of data and observations over a number of years on solid state 
carcinogenesis support the plausibility of there being a size 
below which little pathogenicity should be seen. 

THE WLINESS: A. Yes. 

QO: is that a fair summary of what your... 

A. It is a fair summary and I think you adequately 
emphasized the plausibility and the like, because hard data are 
not neLe. 

MR. WARREN: Okay. 

I think this is a good time for a lunch break, in 


my book anyway. 
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DR. DUPRE: Shall we rise until 2:15 then? 


THE INQUIRY RECESSED 


5 MOE td Ik rpm Ae it Ae ae is 
THE INQUIRY RESUMED 

DR. DUPRE: Counsel, just before we begin, I assume 

that what we have here are the two Morgan articles, that they are 
10 ©€Xhibit thirty-one, namely A and B? 

MR. WARREN: Yes. 

MR. -LASKIN=— Correct. 

DR. DUPRE: This morning, just before we had our 
break, in answer to a question Dy,Ur Mustard, (Dr KOtIn you 
referred tO a reprint you had just read. Is this the same as 

15; exhibit thirty-one? 

MR. WARREN: Linda says exhibit thirty-two, Smale des fy 

MS. KAHN: If you are entering it. 

MR. WARREN: Why don't we enter it then? 

DR. DUPRE: ...which we do not yet have? 

MR. LASKIN: We will provide it. 

Die DUPRE weal lent mel hankey ous 

MR. WARREN: Q. Dr. Kotin, this morning we had 
a lengthy discussion of deposition of particles in the Pong, 
of clearance mechanisms. What I would like to do now is to talk 
a little bib about ycigarette smoking, and the first issue I would 

25, like for you to address is how cigarette smoking affects the 
clearance mechanisms which we discussed. Could you explain to us 
how cigarette smoking affects the mucociliary clearance mechanism 
which you discussed this morning? 

THE WITNESS: A. Yes. Cigarette smoke, of course, 
is a highly complex aerosol with some literally thousands of 

=o compounds...many of them highly toxic. Cigarette smoke affects the 

a 
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Aes COnt Ian) mucociliary apparatus in two ways - 
first it affects the mucous biochemistry, the ratio of the various 
constituents of cigarette smoke, various constituents of the 
5; Mucous, is altered in epithelia which has been exposed...in an 
epithelium which has been exposed to cigarette smoke. 

The initial response is to first LeSwie 1th a 
thinning of the mucous...the chemistry is irrelevant for the 
moment...followed by a thickening of the mucous, increase in 
VESCOsitiv,) and Simultaneously the Cigarette smoke has a Specific 
AG inhibitory effect on the Gilivated +cel ls. 

What it does is interfere with the transmission 
of energy from the cytoplasm of the cell to the cilium Lese bin 
SO pthatlinwedably fand very, very transiently a ciliated 
epithelium exposed to Cigarette smoke undergoes an increase in 
15 rate which lasts really .méasurable Wn seconds, as though 
purposefully it's trying to GeCariGlorsity and) thisiisi followed 
by a slowing of cilia in an orderly way so that you still have 
thes beatwieviconstant onettld kets crew rowing, but they are doing 
it at a much slower rate. Ultimately, there is disorganization 
of the beat, leading to attentuation of the motive power, and 
ultimately you get total paralysis of the cilia, and with this 


and since it's the motive power for the mucous blanket, the 


20 


result is a stagnation of the mucous. So that what happens is 
that particles that are deposed, deposited, I should say, on the 
epithelium just remain there. They are not carried away towards 


the throat for removal, and I think the analogy to an escalator 


1S "aavelidhone: 


25 


Etis tas .thouchtinta department store an escalator 
WeremlCOeSt opp but people were *strll +to"continue coming on and on 
and on, and so you ultimately would have rather than one layer, 
piles and piles of people trying to occupy the limited space. 
30 The result of this, of course, is that it provides 
one of the necessities that we referred to this morning of 
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A. (cont'd.) increased residence time for whatever 
biological wet fect lvou are qoinguto study ton. 

So in essence, what it does is neutralizes more 
effectively than perhaps my known toxic agent that I am aware of 
the effectiveness of the mucociliary apparatus. 

Q. Okay. Let me.try.to -o back over some of 
the things that you have said and try to put some sort of a time 
dimension on them, or a dose dimension, or both. 

The first thing that I think you said was that 
with respect to the mucous layer itself, that the cigarette 
smoke, the aerosol chemicals contained in that cigarette smoke, 
have a chemical effect on the mucous - first thinning it and 
then woh ckening ott. 

Now, could you tell me first when you say first 
thinning and then thickening what time dimensions you mean by 
Biers tt and st hens: 

A. The time dimensions are very, very rapid. They 
are measurable in minutes, but the recovery in an initially 
exposed epithelium is equally rapid, so that a puff of cigarette 
smoke will result...smoking one cigarette would be a better way 
to. put. it...will result in a rapid, highiy—transient eitect 
on the ciliary apparatus in terms of motive power and any change 
on the mucous probably would not come through until you perhaps 
smoked the equivalent of a pack of cigarettes within a one day 
period. You would begin to see changes in the... 

O. So that. the initial...the second of the two 
effects that you are talking about is the one that is most acute 
in its time dimension, I guess is what I'm trying to suggest. 
When you smoke that cigarette and looking again at, you know, the 
time frame of a half an hour or an hour or something like that, 
that cigarette has an initial impact on the motive power or the 


efficacy of the sweeping mechanism of the cilia? 


A. Measurable and a very, very brief period of time, 


as you say. 
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Q. Now longer term...and again, I would like to 
know what longer term means in response to this question...in the 
longer term, the cigarette smoke itself can have a chemical effect 
on the composition of the mucous itself? 

Axe NOS Sil. 

Qew (Why 41S that, titet Ofeall andewnen we say Over 
a longer term, what do we mean? 

A. Well, the effect of cigarette smoke ona 
49| Mucous-secreting cell is the effect of, as I say, a highly complex 
aerosol containing groups of compounds - acroleins, cyanides, 
organic acids, aldehydes, alkaloids - a whole array of alkaloids - 
amthe nicotines and/or nicotine dienebasine, which are all 
highly cytotoxic materials. Fortunately, they dare all rapidly 
metabollized materials at the low dose of a single cigarette, and 
15} so on. 


So the time frame would be related to the intensity 


of smoking. It would be dose-dependent. I really can't give you 
a time other than to say the measurable response under laboratory 
conditions in both laboratory animals and in dynamic studies on 
volunteer human beings shows a very, very rapid induction of the 


effect. 


20 


Q. So to begin with, and again without defining 
dose), 1b s Kind Of Nard, sl =recognize,, tO define time, bur inean 
acute sense the mucociliary clearance mechanism is almost 
immediately affected by cigarette smoke? 


25 | Ae CSsemrancientily - 


Q. Right. Now, you say transiently because if 
I smoke one cigarette or maybe even a pack of cigarettes a day, 
and don't smoke for the rest of my life, those effects which we 
see in an acute sense dissipate over time and at some point in 
the future no impact would be discernible? 
ot Avo donvt think voulthave = to stop smoking the rest 
of your life. i think laying off for a period of a couple of days.” 


i 
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A. (cont'd.) because you must remember that the 
regenerative powers of the respiratory epithelium are very, very 
great because it represents one of the interfaces between the 
living organism and the external environment, so that a great 
reserve has just, on an evolutionary basis, been built-in to this 
epithelium. 

OO... Lets. talk. about, ther effectsaoft chronic 
smoking, and now I'm taking about the man who is smoking a pack 
a day over years. 

A. OKay. 

Here you have a clearly demonstrable series of 
chronologicyeftects. sHabitualasmoking, letisepiitat tethisaway, 
or chronic smoking, or whatever, will result over a period of 
time in an increase in the activity of these mucous-secreting 
cells...and ,againywidt onesis slo, looksaateiiepurposer ul iyseas@it 
were, l think any secreting) Ssurtaceswall etry £ordihiutesthestoxin, 
among other. things...so that you find an increase in the ratio 
Of mucous cellsatoryciliated cedis. 

Lfiuyou necall thatepictureyonipage three) in 
elas §sicreee 

Q. Let's take a look at it though, because I think 
i SS erat) Le 

A. weAlleaiohntweeit youswillinotice sy, tthereans na 
ciliated cell, a nonciliated cell, a mucous-Secreting cell. 

Well, -aitern.aeperiodo€ »ptime pethe mucous scelis 
begin to increase in number and size, compressing the ciliated 
cells, as it were. Finally, this increase in size results ina 
pressure death not only of the cells that secrete the mucous 
themselves, but the ciliated cells themselves. These cells that 
die are desquamated. They are peeled off, leaving the basal 
layer of cells, the cells which sit on the membrane, that delimits 
the Jining of the lungsom Ghewtracheasonstne bronchits and sthey 


undergo regeneration, they multiply to replace this denuded 
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A. (cont'd.) epithelium, as indeed it happens 
onetheuskin, Linathercervixyorathe uterus,ton ingthesmouth, -any 
epithelium surface. 
5 Well, what happens is, because of the fact that 
cigarette smoke not only contains irritants, toxic substances 
in the acute and subacute sense, but also contains carcinogens, 
you create a situation where you get optimum opportunity for the 
carcinogen to interact with the cell at the basal layer, the 
at generative layer of cells, the cells that multiply to replace the 
cells that have peeled off. 
Nowystiteds onlyraiceliythat has retained its 


Capability to divide that can produce a cancer, and that applies 
throughout the entire animal species...animal kingdom...so that 


the mucous cell, the ciliated cell, in and of itself cannot 


45| Produce cancer. From a generative point of views, itis for, all 
intents and purposes, dead. It's alive from a functional point 
Of AVOeW, 2 Dlilbine - 

Well, anyway, these cells in the basement layer 
the basement membrane cells, the generative layer of cells, 
undergo replication and reproduce ciliated cells and mucous- 
ey secreting cells, but you are continuing to smoke and by now tes 
the third year or the fifth year that you have smoke, or the 
eighth year that you have smoked. The irritant effect begins 
to be added onto by the carcinogenic effect of the tobacco smoke. 

Now, the cancer-producing chemicals in tobacco 


x= smoke begin to affect that basal layer of cells, so that after 


a critical period, measurable in years, these cells begin to 
multiply in a way that doesn't reproduce the ciliated or the 
mucous-secreting cell, but reproduces a more primitive cell - 
primitive speaking from the point of view of embryonic development, 
phylogenetically or autogenetically, and this primitive cell results 


301 from two reasons, as much as we understand: One, the stimulus 
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A. (cont'd.) to regenerate on the part of those 
basal cells is a very, very rapid one in the sense of its constantly 
being exposed to a carcinogen, and it begins to get some of the 
hallmayvks Of 1a Gauccinogenwaction. ) Ltebegqins to multiply much more 
ELeplaly. 

Secondly, the carcinogen itself begins to interact 
with whatever it interacts with in the cells...for the moment 
let's say the genetic material. So you begin to see the first 
waystation on the long road to the development of a cancer. You 
begin to see what we call hyperplasia and metaplasia, both of which 
mean excessive growth and altered growth. 

Q. Let me go back over a number of things before 
we get too far down the road on this. 

JUuStimdin Iya thor purposes -of -chanimi cation, tfor 
our chronic smoker that we are talking about here, the smoke 
causes an irritation which induces the generation of more 
mucous, as you say, to dilute the effect of the toxin. That's 
the first kind Giithing? thatihaprens, right? 

Att Regi. 

Q. The body permits that additional mucous to be 
created by a proliferation of the mucous cells, right? 

Ae "COmuGect. 

Q. Now, if we look at the diagram, this figure one, 
as you said, what we have are alternating mucous and ciliary cells. 

A. Grind drsnittexact basthetwaviere A Sayer Fis tepue 
it} the Gerwior 22. 

O. SIRI ght SmBut, Ltmean<schenaticaliy sthat.iswta’ fair 
representation of it? 

A. “Reon. 

QMS Winean;tthey? don taalternatetas Seebut 
schematically this is a fair representation, I take it? 

No ees! 

Q. When, the ciliated cells are those cells with 
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QO. (¢cont Wd .))  Fohe site e ihainssisticking? outyaand 
the mucous cells are those which don't have such hairs sticking out, 
mignite 
5 Ae eOoruuecte 


Q. Now, what happens as a response to this chronic 
insult from the cigarette smoke is, we begin to see two, three, 
four, mucous cells alongside each other, and then a ciliated cell, 
enosithens tireeror four more mucous cells, and so forth. Is that 


sort of what happens? 


Ly A. That's what is happening. 
Q. Eventually we find what, that we kill those 
Ciliated cells? 
A. Yes. Basically they have a finite half-life 
to begin with, a finite period, but basically the pressure that 
15 they are undergoing, the abnormal physiology that they are 


undergoing, the abnormal function that they are undergoing, is 
nots Compatibleywithi theirs survivals fory anyoprolonged .2; 

Mayy luigos to. therboara? 

OFA. Sunes 

A. This is the airway, and here are the cells, 
20; some ciliated and some mucous-secreting, and sometimes we call 
them goblet cells because the globule of mucous of here with the 
stem leading down to the base gives the appearance of a goblet. 

Now, underlying these adult cells is a layer of 
cells is a layer of cells which we call the basal layer of cells. 


' It is these cells that give rise to these adult functional cells. 
25 


These cells have the potential for producing different kinds of 
cells. They are primitive in the sense of having retained this 
multipotential. 


But what happens is, as the person continues to 
smoke you begin to find that these goblet cells, these mucous- 
30| secreting cells, begin to secrete more and more mucous...much of 


it going out into the lumen..-but more of it being retained. 


— 
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MeetcOnt (Cs jmeranamtnores Sw ascOLOrlary Of that nere. .. 
and let's make this a ciliated cell like this...you get a mucous 
puddle or a pool of mucous here. This is compressed. 
5 Ultimately what is going to happen is that this 
oS, the “Vitaltzea=iaver of adult cells is) going to peel off, What's 
going to happen is these basal cells will then be called into action 
Lo form, divide and form, 2a new wayer Of celis not untikKe tnec 
which peeled off. 
QO.” Let me ask ts. interrupt fOr ai minute to ask. ..why 
i do the cells eventually peel off? 
A. They die. They undergo necrosis. They undergo 
Geath as a result Of thein Gaevitalizacion, cnet, apnormalrcires, 
in fact, but they have been poisoned. 
Oe elses. 


15 Rr NOW Te weerepeat this aurce i2cerally a 


thousand times, what is going to happen is the epithelium, the 

basal generative cells, is going to begin to have to multiply a 
little more rapidly than it would like to and again, oversimplifying 
pg but not really taking any liberty with biological facts, 
youerind that -2t beginsstowsproducesa combination Cl two 1ypesece 

20| regeneration: One, the layers of epithelium as we saw it, the 
eiiiatedcelis=and theymucous cells.” (But also: 16's going to 
reproduce an embryologically more primitive type of cell, so 

that here you have side-by-each, as it were, as one looks in the 
microscope, an area of reasonably respectable and identifiable- 


looking respiratory epithelium, and here you have an area of 
25 


hyperplasia, which means excessive growth, and metaplasia, altered. 
There are two things to remember about metaplasia - regeneration 
with metaplasia, the term metaplasia means that the new cell 

that is formed to replace this functional cell is, from an 
embryological point of view, a more primitive type of cell. 

30| It has one with a greater potential for doing many, many things. 


The) Second tiinguls, tia. up cor a point, this 
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A. (cont'd.) metaplasia is reversible. 

If this person, after the fourth year, stops 
smoking and indeed months pass, he may peel all of this off and 
reconstitute his epithelium so that in looking at it you would 
never know that he smoked. 

The second thing I just mentioned in one sentence, 
if vousrecald, tChissmornangatheyadiscussions about the Lungs and 
branchings, this metaplasia is... again with biological exceptions... 
first seen at these areas of impingement as the aerosol or the 
10, fiber or what-have-you, comes down the trachobronchial tree. 


Okaysancw,) thisametaptasiagiasid say,ecanidoyone 


of three. thangs. git Cahnarevert to a normal stare mi thesstimuius 
is removed, it Can Temainastats cy) ores tecan, progress. 

The way it would regress is to move in the 
direction of.cancer by.beginning, to, developesome-of the 
iia characteristics of cancer cells in these cells, and the 
characteristics to a pathologist would be that he would notice 
that. instead of having.a constant and, acceptable iratio: of Size 
between cytoplasmand the nucleus, the nucleus would begin to get 
anlittle larger..tsotfhe nucleus—eytoplasmic ratio is disturbed, 
99| indication that the genetic material in one way or another is 
being acted upon. 

O.eeLetimertryetousntennupiyagarnesottharowe 
donit,.get,too,farwaway fromeeiigmeanzgaiteoft this I want co 
cover, every bit or@ic. 

When we begin to see cell death of the ciliated 
251 cells, and then»a peeling,off of thepmucous*and ciliatedycells, 


eextainly.at ,thatepointethe ,processyasdentirelyareversiblerir 


the stimulus, the cigarette smoke, is withdrawn. Correct? 

Nees CORreEc ty Yeswns ur. 

Q. That's true even if it happens a thousand times? 
Or ey OUBKNOW Se - 


30 
A. Nobody has ever counted it, but... 


ie 
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Q. But the. point is: that it, can happen many times 
and still the process is reversible if the stimulus is withdrawn? 

A. Remarkably so, yes. 

QO. Now, at the same time, during this process 
of repeated generation of new cells, the continued presence of the 
toxin causes the cells which are generated out of the basal layer 
to be different than originally? 

Aw 2S). 

Q. That's what we are talking about when we are 
talking about metaplasia or hyperplasia - hyperplasia is just a 
proliferation of those cells, and metaplasia is a changed cell 
in some sense or the other? 

Ae TOse sMOreepr iI mMpeive, cell: 

Q. Okay. Now, what is it again that scientists 
believe happens to cause the process to extend beyond hyperplasia 
and metaplasia to an actual neoplasia, which you have described 
pathologically as a difference in the character of. the celts 
in terms of their shape and their regularity, and so forth? 

Dh osathere taresvolumes Gescr bing 7t, soutealt 
they are is description. Nobody knows. 

Owe luteteetathetwa.well,slet ume lack ecne 
question, is the...we talked this morning about solid state 
carcinogenesis. Now, is the assumption for cigarette smoking 
that we have a similar mechanism operating? 

A. The assumption with cigarette smoking is 
that you have...this is a poor representation of the genetic 
material...you have compounds here which determine what we are. 
What we are is determined by a buzzword called a code, that 
determines or distinguishes a mosquito from an elephant. 

Now, what the action of a carcinogen is assumed 
to be, is to interfere by chemically uniting with one of these 
chemicals that make up the genetic material... 


Q. The DNA. 
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A. fUhesDNAY seandsdoingi it an-suech away that 
the DNA no longer codes for at least one thing...it just proves 
we can see, it doesn't prove that we know anything...and that is 
5) Cher growthscontroliang protein within thescell. 
Every cell must have a growth-controlling locus 
so that when we cut our hands, when the wound is repaired, or 
a peptic ulcer is healed, a message comes to turn off making more 
cells because the defect has been repaired. 
So whatever this growth-controlling protein might 
_ be, it is apparently knocked out of the lexicon of that DNA in 
ar cancer celuseisosthaty Statedsvenryjewelry wa.vVebv. Sumplistically., 
the DNA is coding for a cancer protein as distinguished from a 
normal protein. 
O, Oka vehea NOW, -Hastakes it that. for cigarette 


15, Smoking that's because some chemical component of the cigarette 


smoke actually interacts with the DNA and produces this kind of 
miscoding or mistake? 

Ase Notsone,. but. an varray..of. chemical, agents, that 
provide the necessary ingredients in the two recognized steps in 
the formation of arcancers: ».0One,fsthne changing, of the. cell and 
20; then the series of subsequent changes which takes that altered 
cel land’ thas wit ‘groweintowbecoming sa wolinical,:cancer. 


Q. Okay. Now, you were talking a moment ago 


about where we begin to see...again, we are putting aside 
asbestos, we are talking about cigarette smoking and cigarette 


smoking alone for the purposes of this question...where do we 


a begin to see the, physically, in the body, the cancers resulting 
from cigarette smoke? 
A. eIn the lungs, you .mean? 
O. Right .tinstheslungs.. 
A. Well, you mean at what level? 
30 Ow, Binsteor ally let*spustep backsa bitsand say 


where do we begin to see the kind of cellular alterations that 
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Q. (cont'd.) you are talking about? Where in 
this schematic diagram of the body? 
A. In the...you can see in the lung, the entire 
5; Surface from the first branching of the trachea down to the 
bronchioles, down to the tubes that lead into the air exchange 


area, the alveolar duct and the alveolar spaces. 


Q. Okay. Now, I take it that that's where, if 
this process continues long enough, that's where you begin to see 


the lung cancers as well? 


ue A. Right. You can see lung cancers as a result 


of smoking, they can be seen anywhere along the tracheobronchial 
tree. We have what, in jargon, I guess, the people who work 

in the pathology of lungs call a central tumor mass. That can 
happen anywhere along the tracheobronchial tree. 


15 Q. Yesterday when Dr. Becklake was here, she 


made a distinction and I've seen others in the literature make 

a distinction between two different cell Lypes Of Lung cancer, 

and they were, I believe, squamous cell carcinoma and adenocarcinoma 
Pie Yes. 


Q. Can you explain the difference between those two? 
20 Pea peres. Well, the skin. ..first of all -ithey 

are descriptive in the sense of what the pathologist sees, looking 
through the microscope. A squamous cell is the cell that normally 
Janes tthe, oral tcautuy, cit ys the’ cell tihauvcovers? thetskai 8 + 

is the cell, that» covers) the uterine cervix... that's’ three of 


many, many places that have squamous cells...and what it is, 


oe is without labelling it, so I was drawing what a pathologist sees 


under the microscope as squamous cells, a basal layersor cells 
and then layers (Of ces lsxonitop. meuinisscanmbemehe Skin ecthe 
cervix, the mouth. It could be the esophagus, it could be 
any one of many, many sites. 

30 Now, a cancer that has the appearance of having 


originated from cells of this type is called a squamous cell cancer. 


2 
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Ae (CONtAG.) = yOu.cCdIn See, 1b Wesnump. <£O° where 
we are going to go, how a squamous cell cancer of the lung can 
occur, but only after there has been metaplasia of the normal 
5; mucous ciliated epithelium to squamous epithelium. I know 
perhaps no more potent inducer of metaplasia than cigarette 
smoking that Can ead cogeancer. 
There are other things that induce metaplasia, 
Due tia lise rele vari. 
In contrast, adenocarcinoma represents a cancer 
ih ELOm sd Glanauldy, portion or tie epitie lium, Son tlatei tat. s 
cancer were to arise from only basal cells again, rather than 
go through the metaplasia, these basal cells suddenly decided 
to produce abnormal mucous-secreting cells, you then would have 
a cancer, still derived from the same basal cells, but there the 
15 configuration under the microscope would be more nearly like the 
normal counterpart, the usual counterpart of the epithelium, 
the glandular portion. 


Of course, that glandular epithelium becomes 


a secreting one. 


So those are the two types of cancers Ehat Dr. 


20 Becklake referred to. 
| Q. Okay. Now, let's go back to asbestos and 
| what happens in the case of asbestos. One of the things that we 
know from the discussion we have had is that even immediately 


the clearance mechanism is affected by cigarette smoking because 


OL the i1mparrment oOf=ethe function ole the Cilla. ls takewtisas 
i this process continues, the impairment becomes greater? 
A. Yes. 
Q. To say the impairment becomes greater is 
Just another way of saying that the effective dose of asbestos 
| which reaches the lungs and stays in the lungs is increased? 
~ Ae di tasaded Oh tes 
Q. You sid this morning that the clearance mechanism 
He 
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Q. (cont'd.) might be ninety-five ‘to ninety-nine 
percent effective for fibers, and I think we said that depended, 
of course, on dose. If there was a heavy dose, it might be less 

5| effective. 

Would™you ‘say the Same "thing “inthe icaserof ta 
cigarette smoker? In other words, would the cigarette smoker be 
able to have ninety-nine percent effectiveness of the clearance 
mechanism? 

A. He would have his clearance mechanism interfered 

10) with. He would have an abnormally higher retention of particulate- 
material, fiber in this case, asbestos fiber, would certainly be 
retained to a greater degree than it would be in the nonsmoker. 

Q. Okay. So that clearance...so we know that 
in the case of breathing =m asbestos/ vl you are a Cigarette 
46 smoker you have an impaired ability to clear the lungs and 
therefore have a greater effective dose in the lung, of asbestos? 

A.’ eYes? esr: 

Q. What other effects may cigarette smoking have 
in connection with asbestos exposure, which could lead to the 
synergistic effect which various studies have reported? 

20 Az Wells *1ty¥would°further™interfere with the 
other area of defence that we spoke about before, and that is 
macrophage action. 

O.@8Howris that? 


A. Well, cigarette smoke, no more or no less than 
asbestos, is a foreign material, so the same macrophages are 
2 mobilized to ingest the chemical components of cigarette smoking. 
In fact, the histologic picture is rather characteristic. 
A person will look in a microscope and say, ah, these macrophages 
are full of pigment. It takes a certain stain which clearly 
has cigarette smoke as its source. 
So thatwbasteally, Wet askatcompeti tornmaseitiwere, 


30 
if you will, for macrophage activity. Cigarette smoke is a, 
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Aw (COnt dd.) “since the supply of macrophages is 
very, very great, but not inexhaustible, 1t will ultimately 
deplete...not completely, but reduce the number of available 
macrophages, and then the macrophage distended and laden with 
Cigarette smoke pigment is one that is not available for other 
things, just as the macrophage which has ingested an asbestos 
fiber has done its task, and so on. 

So that is the second worry that cigarette smoke... 

QO. SO.:...cigarette smoking strips away both of 
10; the defence mechanisms which we talked about this morning... 
Ac welteattacks them both. 


OF ©. DOLn mucociliary escalator and. the 


macrophage defence system? 
As.) it affects both ,. yes. 


Q. Okay. Now, how about...is there any 
bs Significance to, or is there anything important about how the 
macrophages deal with cigarette smoke as compared to asbestos 
fibers? For instance, we talked this morning about the proteins 
in these liposomes. What do we know about that process with 
respect to cigarette smoking? 
20 A. Basically, since the ingestion of the products 


of cigarette smoke do not compromise the cell membrane of a 
| macrophage, you don't have the analog of the leaking of enzymes, 
protein digestic enzymes, and in fact this is wholly compatible 
with the fact that the toxic effect of cigarette smoking on the 
lung, other thanvecancer,. 1ssnot onc OLetibrosis tc sOone. or 


25; obstruction - bronchitis and emphysema, because you don't have 


the egquivalent...many a time you will see what you interpret as a 
macrophage which has burst under the extreme dose of cigarette 
pigment envelopment in the macrophage, but even that doesn't 


initiate the process of fibrosis. 


Q. If we now ask ourselves a question, what 


we discussed with cigarette smoking, how we see a process going 
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OQ. (cont'd s) from toxire effect” to thyperplasia and 
metaplasia, and assuming a direct impact on the DNA, a neoplasia, 
can we attempt to discuss whether there is any kind of a similar 
process with respect to asbestos, and in particular whether there 
is any relationship, or what relationship is there between the 
Greation Of the... -.the Causation of Librosis and “theultimate tumor 
which appears in the lung? 

A. There are several components to your question. 
First. cigarette. Smoking, 11 cddltLon tO. 1 to spnyVStOLogi cacrtt ects, 
enhancing retention and so on, provides an altered epithelium 
and an altered epithelium is at increased risk to whatever comes 
along, and particularly in this instance, to cigarette smoke 
§tself an relation to cancer induction, and cto tnewaddedsertect, 
the synergism is the word I believe you used, that has been 
demonstrated epidemiologically in cigarette smokers who 
simultaneously are exposed to asbestos. 

Epidemiologic studies have shown this enhanced 
risk for persons exposed to both. 

Now, as far as the fibrosis in relation to the 
generation of cancer, as I mentioned earlier, one, the cancers 
that are, I believe, associated with and caused by the combined 
exposure to cigarette smoking and asbestos exposure are the result 
of the fibrosis interfering with the normal physiology of the 
epithelium so that it is susceptible in a much more sensitive 
way to the action of any adverse agent, including a carcinogen. 

The phenomenon I am speaking of is a phenomenon 
known as scar cancer, and it's something that has been known for 
Many, many years, 11 0G, 10 fact, decades. 

The “f¥rst Observations Of Scar Cancer were made 
when a group of people, Paul Steiner at the University of 
Chicago perhaps as much as anybody, identified a series of cancers 
adjacent tO SCars, Dbutsethey were Not cancers Chate*arose* from the 


scar tissue, they were cancers that arose from the epithelium. 
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A. (cont'd.) They were carcinomas. 


But, he postulated, and since then I think data 
has pretty much verified this, that the scarring of the connective 
5,| tissue has, immediately adjacent to the epithelium, has been so 
altered that any carcinogen that came along could, at a lower 
level of exposure, perhaps initiate a sequence for cancer. 
So that scars have a definite role, I believe, 
in the genesis of the increased risk to lung cancer observed in 


asbestos workers. 


"| ei aaa ir. 


10 Q. Okay. It's all getting very, very complicated 
for sure, but if we look at asbestos alone, and let's withdraw 


Cigarette smoking for a minute, we postulated this morning, based 


on the evidence which you discussed, a mechanism...or maybe a 


couple of mechanisms...that might cause the fibrosis, and those 


mechanisms effectively, as you and Dr. Mustard discussed, would 
15 ; 
result in the creation: of fibroblasts. or =tibrous tissue, connective 


tissue, in the lung structure. 


Now, I guess what you are saying is that the 


presence of that fibrous tissue causes subtle effects which 
weaken adjacent epithelium and which may therefore make it 
20| Susceptible to insult from other toxins or other carcinogens. 
PSmciate te, 
[ Paes, Sit eeexac tye 

O. WOuld i tebertair to sey from that statement oft 


fact or evidence that asbestos doesn't itself cause the cancer 
5 but instead produces a weakened state which allows some other 
25 Carcinogen to initiate a change in the epithelial tissue, which 
a in turn results in a neoplasm? 
A. Not in every case. 
Q. Okay. Now, explain why not. 
A. First of all I think we have to acknowledge 
a go; that asbestos, both on the basis of clinical studies and 
experimental models, is capable of inducing a neoplasm on its own. 
bas 
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Rep cOntea sje le as aecarcinogen. 

Now, in the lung peculiarly you have a situation 
where the dose that would induce a neoplasm of the lung is one 
that, in the absence of cigarette smoking, has done this exceedingly 
rarely. It has done it in a way that...at least from my POini Os 
view...always have to have, if you are going to suggest that 
asbestos is responsible for a bronchogenic carcinoma, has to 
have the scarring, the asbestosis, beforehand, which provides 
the suitable setting for the action of the carcinogen. 

So in some, you would have to say that the 
rare cancer of the lung in a nonsmoking asbestos worker could 
indeed be related to the asbestos, but at least to satisfy, I 
think acceptable criteria of diagnosis, you would Nave to have... .Or 
of pathogenisis, you would have to require the presence of 
asbestosis as the antecedent. 

Q. From this discussion, the way I understand it, 
you are saying that while cigarette smoking ioenot in alls cases 
a necessary antecedent of lung cancer for asbestos workers, the 
presence of some fibrosis, given the biological models we are 
talking about here, is a necessary antecedent? 

Ace 6S. 

Q. Okay. Now, when you say that this situation 
that I have just spoken of, that is a carcinoma in the Lbshee ele’ 
the absence of cigarette smoking is rare, does that suggest that 
in the vast majority of situations the likely initiating event 
in producing the carcinomas is the cigarette smoke? 

A. I'll perhaps state it more positively. I will 
say in virtually all, allowing myself the biological escape 
hatch that nothing is always or never. 

Were it not for cigarette smoking, I think whatever 
other asbestos-related diseases or health problems there might be, 
lung cancer would not be one of them. 

Q. In any...we have already discussed that one 
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O. (cont'd. )) “cannotanule out Lung cancer as .a 
result of asbestos exposure, for the reasons we have discussed 
and the mechanisms that we have discussed. 

Vem LCS. 

Q. But in comparing the two parts of the problem, 
you come away then with the conclusion that cigarette smoking is 
the vastly predominant factor? 

i. = Nasitily.; 

aed lesca Oils 

Now, let's talk a moment about mesothelioma, which 
we haven't discussed at all. 

FirstvotLeall, w;wanavoustell aus now these fibers 
we discussed this morning entering the nose and going through 
the trachea and so \forth do get to the pleural or the peritoneal 
tissues?. 

A. I'm sure there's more than just one way. 
Thestiberus scan enter the...weli, Jetene: sustepackeup by saving 
that the membranes that separate the various pockets of the 
alveolar sac have this epithelium we spoke about, but in the 
core of the membrane there are blood vessels, there are lymph 
channels, and fibers can get into these highways, as it were, 
ana travel, -andstheyeCangtravel to, the wsurtace of thes lung Jor 
the pleura. 

Another way that has been postulated is the fact 
Sinee,inspiration isa s1orcetul miscle-controlled activity chat 
the mere act of inspiration can mechanically, at very, very slow 
rates of speed, move fibers towards the outer surface of the 
lung towards the periphery. 

Another way that has been suggested is that by and 
large the fibers themselves find a potential space, and the body 
is made up of various potential spaces that can be infiltrated. 

The mere fact that you have to have three 


explanations and preface them all with 'may' is a pretty good 


nae 
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a A. (Conga) andi cat rongthatawepreal ly adonat know. 
I don't think there is any real data to suggest what the predominant 
| mechanism is for the translocation of fibers to the pleura. It's 
5; probably all three. 
7 Q. So we don't really know how they get there, 
except we know they get there? 
L Ae Gechimicis oe 
Q. And we know they can cause sarcomas in the 
mesothelial tissue? 
[ " he COLTECCtS 
OO; BeNOw,, VisdiNasUicn ty saivel NOt pathatecneukind of 
[ tissue we are talking vabout.in the pleural om peritoneal sis.a 
connective tissue much like that connective tissue that we spoke 
[ 
7 


of when we were talking about fibrosis? 


15 A. | Wellin istsnS ta, Mesothe! La! teussue sthat ans 
derived from the same germ layer. It's really not a connective 
tissue in that sense. 

Ons piOkay elnicwtniing that lL would like for you to 
explain to me is, I think you noted earlier that we don't see the 
tumors in..the lung in sthatsibrous .connective- tissue. s-lnstead, 
20; we see it in adjacent or next-to-adjacent epithelial tissue. 


Yet in the pleural cavity or the peritoneal, we see those tumors 


aLcogethemsls too, strong a word, but an a different kind sof 
tissue. 


From the standpoint of mechanisms of cancer 
25 


7 in a different kind of tissue altogether. How do you...or maybe 
. production that we have discussed this afternoon, how would one 


go about explaining that? 
Ate’ Hirst; Of} ad bl aekathinkepnyed.c logically 
r mesothelial tissues and mesothelial cells have a number of functions. 
One is obviously to line or cover visceral organs. 
30 Secondly, mesothelial tissues have the capability 


of, not with the force that macrophages have, have the ability to 


ho 
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A. (cont'd.) ingest foreign materials as well. 
Basically, mesothelial tissues are indigenous and physiologically 
L at home, as it were, where they are, in contrast to fibrous 
ec Issue NO MALCer OW Taplaly. gd Gals DLrOLLLeLatlugd; elt 11 tS being. 
7 Vigtly seproOlitehati ng iim coe eabdelayeGl ULOVIGANGs CiedD 
replacement for functional tissue, it's in an unphysiologic 
| site responding to a pathologic rather than a physiologic 
stimulus. 
[ So that there is a difference between the two. 
= Q. Okay. What's the explanation? I mean, what 
do we know, what do we know and what can we say about what 
[ happens? What kind of process is there which produces these 
tumors in that tissue? 
: A. First of all, we have the umbrella of 
15| ignorance of not knowing really for any malignant neoplasm at 
[ the DNA level or at the molecular level what the lesions are, 
what are the events that are responsible for the causing and 
/ then the perpetuation of cancer. 
[ 
[ 
j 
i 
[ 


But one can say certain things. One is that 


there seems to be, and certainly in the experimental models where 
20 you can quantify the situation, there seems to be a correlation 

between...in some experiments, this isn’t even consistent. ..between 

proliferation of the mesothelial cells and ultimate development 

of a mesothelioma. 


In other experiments, this correlation does not 


exist. 
25 


1 NODes LeGOte ter Lonlo me oUteWweCana dd LWoayomgOs tOmLic 
record, Stanton did not. routinely see _a Correlation... -Orgl guess 
Stanton did see a correlation between proliferation and 
mesothelioma formation, and I Chink Bill Smith, did not. 

Again, I think these are experimental observations 

30/ that represent the same experience of two observers with workers, 


responsible workers. 
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A. (cont 'd.)) Butethere 1S no-question that the 
induction of mesotheliomas, if you follow it exquisitely in 
experimental models, shows the equivalent of change that I 
described in the lung - the hyperplasia, the metaplasia, the 


metaplasia with atypism because the metaplasia is not nearly as 


easily discernible there, but you get an altered cell, then you 
get an atypical cell in the sense of the alteration of the DNA 

as seen not biochemically but as seen through the eyes of the 
pathologist and so on, which leads on to a malignant neoplasm. 

10 And that's all one can say. One can only describe 
what one sees. One really cannot, on the basis of existing 
knowledge provide a mechanism. 

Q. It would be fair to say then that we know an 
awful lot less about what causes, or the chain of progression... 
cause is maybe too strong a word anyway...the chain of progression 
te to neoplasm in the pleurae or peritoneum than we do in the lung? 

A, ~-On| Much .much less.) Yes. 


Now, © take 1b that, neverthetess, for ail tne 


oO 


reasons you have discussed this morning, you would expect this 


to be a dose-related phenomenon? 


20 A. It would almost have to be an unexplainable 
ExCeptionlt 16 were, nOtweslt nOL OnlysiS...t (On. Cesecerdiye way, 
that it couldn't be a dose-related phenomenon. 

GO. I haveronly got one short additional” last 
question and then I'll turn to other things. 
One of the implications that emerges froma 

25; practical standpoint from the discussion we had this afternoon 
appears to be that cigarette smoking is a more important factor 
to be concerned about, in the broad scheme of things, than 
asbestos in the working environment. Would you agree with that? 

A. Yes, and the data clearly support that. 
Q. I know that J-M has had a program of attempting 


30 
to reduce cigarette smoking among its workers, and I wonder if you 
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Q. (cont'd.) could give us a capsule summary of 
how that program works and what success you think it has achieved. 
A. Well, the program essentially was initiated 
by having a protocol for discussing the rationale for a ban on 
Cigarette smoking with all the workers, and this was done on every 


shift, in every plant. We are satisfied, without college degrees 


and so on, our workers know as much about the basic physiology 
of the lung as many a sophomore student, I felt. 
Anyway, then what we did was establish...there are 
10} two sides to the policy: One was the policy that if persons 
could be exposed to asbestos, a condition of employment was being 
a nonsmoker. 
For smokers, a nonsmoking, a kick-the-habit program, 

was instituted which consisted of making available...and it was 
varied from plant to plant because of the difference in the 


15 
availability of programs for kicking the habit...it was a program 


that was for the worker and his or her spouse, recognizing that 
if one stopped, the husand or the wife stopped and the other ‘elt ehgei ey 
you were reducing the likelihood of success. 

The company had agreed to pay for the fee for the 
20| programs, where there was a fee, for both the husband and wife, 
or the spouse, and two of the large no-smoking programs refused 
to accept work...as much as they wanted a new Goneract... retused 
to accept a contract on the basis that there ought to be some 
commitment on the part of the worker to the program as measured 
tangibly in dollars. So what we did was pay half the fee, with 
25; the stipulation that the remaining half would be returned to the 
worker if, after a year, they were still not smoking. 

And if tafterethetoriginal smoking; kick-the-habit 


program, it didn't work, they could go back again and go back 


a -thvraVeines 
The understanding was for them to get rid of the 


smoking habit. That was the primary...all right. 
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A. (cont'd.) Now, the program is now in its 
third or fourth year of implementation...second year. We have 
had our share of problems, many of them self-generated, but I 
would say...and one cannot generalize because the cultural 
influences in different parts of the country in relation to smoking 
differ considerably, so Oregon is not Louisanna is not North 
Carolina is not New Jersey...so in some plants we have had very, 
perysli tie: success. litt lewsuccess, three to four percent having 
kicked the habit and stayed off the habit. In some plants, as 
much as thirty-five, forty, forty-five percent kicked the habit 
and have stayed off the habit. 

SO we are continuing the program and it was a program 
Ehat has been challenged both by our....many Of the, unions... .noL 
many, several of the unions in some of our plants have challenged 
it, and I must say at no time was a union challenge ever 
predicated on the validity of the data. Their challenges were on 
the basis of violation of collective bargaining...you know, things 
that fall into the industrial relations area, and not the health 
safety area. 

Even where we would appear before an arbitrator 
and the union would say we are challenging this rule, it was made 
very, very clear that we are not challenging the validity of the 
data, we are just saying the company has no right to do this the 
way they did. Obviously that was something that was between the 
industrial relations and the spokesmen for the locals at the 
various plants. 

The grievances have gone to arbitrations three 
or four times. In Texas, the arbitrator held that we could not 
ban smoking, but would have to provide smoking areas and we were 
within our rights to limit smoking to these areas at prescribed 


times. 


We appealed this to the Surrogate Court, and the 
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A. (cont'd.) Surrogate Court upheld the union's 
bOsition- 
in. OlLhemrareds 7 ait) prpLorida,, Massachusetts, the 
5| arbitrator held that the company had the authority to do this 
when the grievance was filed. 

SO we are continuing the program, repeating the 
educational dimension of the program, the visual aids with other 
materials that tend to reinforce the need for and the wisdom of 
the program, and that's where we are right now. 

10 Q. I take it that this smoking program has been 
coupled, over this whole period of time, with attempting to keep 
your asbestos exposures low through normal controls? 

A. Yes. Well, basically the challenge that this 
waS a way to circumvent compliance with regulations was made, 

f and since industrial hygiene measurements are a matter of universal 


a knowledge, just by the requirements of the Occupational Safety 


and Health Act...at least for the last decade...the workers have 
known what constitutes our industrial hygiene findings in the 
Dian te 

Ofer 56) re hie 
20 MR a WARRENG@ (le think. that issabout. 1te.t ormeme. 

DR. MUSTARD: Can I ask some questions related to 
your discussion this afternoon? 

MR. WARREN: Surely. 

DR. MUSTARD: Because I haven't had your usual 
elegant summarizing of the whole SLORY). 
Zs MR. WARREN: I've failed again. 


DR. MUSTARD: My questions come a bit out of some 


of the summarizing and some of the things that maybe we could 
amipl a ive cele | ee tee 
MR. WARREN: Okay. 
30 DR. MUSTARD: First of all, it's the pleural 


scarring that occurs with asbestos exposure. Would you regard the 


— 
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- 85 - Kotin, in-ch 
DR. MUSTARD: (cont'd.) mechanism there as 
biologically essentially similar to what we are talking about in 


the lung? Is that a similar kind of mechanism? 


= THE WITNESS: I am hesitating for one reason, and 
that 1s: One does not necessarily see the necrosis antecedent to 
proliferation in many mesothelial areas of cellular proliferation. 
In other words, you don't have the necrotic area being replaced 
by fibrous tissue in some of the mesothelial areas. 

10 DR. MUSTARD: But the macrophage is identified 
there; iS if not, at some, stage? 


THE WITNESS: Oh, yes. And basically, the 
mesothelial itself is sort of a pseudomacrophage at times, when 
it assumes that role. 

DR. MUSTARD: The reason for the question is that 
15; you commented, I believe, inthe dialogue this afternoon, that 
scarring in the lung was, in your view, a prerequisite for 
carcinoma of the lung. 

THE WITNESS: Mmm-hmm. 

DR. MUSTARD: I was wondering if we could take 


the same analogy for mesothelioma, a scarring of the pleura is 

o also a prerequisite, and if it's not, if you_have any explanation? 
THE WITNESS: I have none, but... 
DR-»MUSTARD: But.do you get that.:.if you dig 

hard enough in the pleura will it show scarring is present in 

the pleura if mesothelioma occurs, or does mesothelioma occur 


25, without there being evidence of fibrosis? 


THE WITNESS: You can see mesothelioma without 
evidence Of scarring. In fact, you can see, phenomenal scaring 
in populations which have no increased risk to mesothelioma, as 
I'm sure has been said. Anthophyllite is a potent producer of 
pleural change, and one doesn't really see mesothelioma in 


30 anthophyllite-exposed populations, and further, I think it's fair 


7 (6/76) 7540-1171 


a ro mY 


a 


Beas «Eton : 
as S1stit we2cnitson * as 2) 
ati wna vintdtad otaiae once ae ele 
Craiandvem 8a Sait 4 Ser 
; tne jehaeer eto Yo! gnivethead mn t arene see? ; i 
ns Jtebecoras Bheqise4 os seu Yi iseRat ee fon e@yB Gao tal Gods | 
gorieustifow teleline to éaeaa fal fedtoani (hem at aorsersttios | 
Sesuiges' ceted pose vizored e197 even 2'nof, dee .ebawe audgo Af 
.sehua iskisdtoeen 943 To supe al sbadi? epesdrt 7 | 
hee? rdaeb) ed egeiigesoem edz say FOR ATAU LRG -_ he 
Tanase mow. $8 (700 Jl Bt yemets 
ott eiteeTend Bek “207 .a0| deer ae 
tute. camt? Gs -meKiqersenvbueeg w Yo st6e of Liessh Calitzeacn | 
#loe 3Ad2 Qemyppan 2) . 
sed? @k ealzaeiin Sft qk mrokast eft (Ch aTEI GAG 
jéfs .noorie?En aldy supeleif sy a1 ,ovecrtadt .betdemmes voy (7) 
tc 6sietipeteta 6. esiv soy nb yasw nel SAP 00 paestese 
otal at? 3 aetmiotec 
indent =:ReSuTrh aeT 
ads? Bloco oe 4: Oelasbabw cow I ~SCRATON 1 
=i 'stueta sat te yotzaesk 4 , ocolledsopea Tey ‘qroians onpe ott 
Ceaippenigar yt o0ai woy BE por a's 22 bre od hiwpetotg: & cals , 
ed eton ever 2 28aEeriw gat | : 
‘ tab Usy <i sche thew hele whe me anna td 7 
| ai dntasig «f efisctase wole tl Titw sxuein oft tt. dgeons basyt 
10 enorTedtoacn webb te <are020 ‘mo lietaoeam Ba sawele es 


Talneets 26 oe 


‘paltaiw. amailedrecmm se8 89 vor weeuriw 


to sasuher 9 sestoq # 0k bepaiphanneene - i 2m 
Ai seoligtiosss ese | 
Ste aches x saat 


oe = —_ —_ 


AG 87 (6/76) 


5 
i 10 
, 
i 

15 
q 
I 
mm 
a 
"- 
: 25 
1 
7 
t 30 


= 0) Kotin, in-ch 

THE WITNESS: (cont'd.) to say that despite 
extensive studies, a relationship between pleural thickening and 
increased risk to mesothelioma has not been identified. 

In areas where pleural changes are very, very common, 
One doesn't see the difference in risk to mesothelioma that one 
would anticipate if pleural thickening were antecedent. 

DR MUSTARD: S Alle rignt. aNow,. d0ing back, to gust 
before lunch when we had solid state tumors, sort of to close that 
off, we hadn't perhaps completed the full dialogue that could go 
On enere, because i) think Vousimplied, @t 1) mecorrecte,.§ that the 
asbestos fiber was behaving like a dime. 

THE AWLTNE So: SYes,. Sat. 

DR. MUSTARD: Is) that'a correct interpretation? 

THE WITNESS: Yes, sir. 

DR. MUSTARD: The asbestos fiber then caused 
something to occur in its interactions with the macrophage in 
the tissues which led to the cells lining the lung to develop 
a neoplastic characteristic. In other words, that there was 
some kind of transmission of signal, and we never did talk about 
what your thoughts might be about the transmission of that signal 
that might affect the lining of the lung, and it would help me 
SU ilskered toh Jepie iine Mifevbymele hale! chile thivig A gelays kee 

THE AWLON Go ocmie CallmanGwe iene... 

DR we MUSTARD =. Amul ori gut ane mye 

THE WLINESS: You. ere absolutely correct. 

I would answer that by saying that it is my 
belief that since virtually all cancers of the lung in asbestos 
workers are in smoking asbestos workers, that the role of the 
asbestos per se in the genesis of brochogenic cancer is an 
indirect one...that you do not get, it is not the asbestos fiber 
that produces the cancer of the lung...it is the asbestos fiber 
that provides, in the case of cigarette smoking, a substrate 


effect for the increased effectiveness of cigarette smoking in 
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THEY WETNESS? (cont. d.jemsinducing cancer, 
And in the nonsmoker, it provides no less than the 
old TB did, or agitocussfomithecaction of any carcinogen tor any. 
5| both exogenous or endogenous, that can induce the neoplasm. 
I don't believe that asbestos per se is a pulmonary 
carcinogen, except in very, very, very rare instances. 


DR. MUSTARD: Then how would you explain the 


mesothelioma, then? Can you take the same argument that the 
mesothelioma is not directly caused by the asbestos fiber? 
DHE: WEENESSis ‘Nop becatise basically “in the 


10 


mesothelioma you would have the space, the solid state material, 
the asbestos, in the tissue, giving rise to the neoplasm. 
DRig MUSDARD 7 24St wily. 2G 
DR. UFFEN: Without macrophages? 
15 DR. MUSTARD: No, no. The macrophage is present 
imechespleunae peandi iwhatel, narealin® tryangutcget aiseis mito put 
it bluntly, is if you are going to have some kind of mechanism 


by which the solid fiber can cause the cells lining the pleurae 


to become neoplastic, if that involves the macrophage why can 
the same process not operate in terms of the lining of the 
20/ alveolae and the bronchioles? 
THE WITNESS: Well, the macrophage is a mediator. 
It provides a substrate for the activities. The macrophage itself 
has nothing to do with carcinogenesis other than preparing the 
soil, as it were. The macrophage) brings to the site, in the 
pelt Case of the lung, the wherewithall to produce the scarring. 
It brings with it the tissue necrotic component. 
May I go to the board for a minute? Maybe that 
might help. 
DR. MUSTARD: You might want to, while you are 
at it, dispose of what I recall as an old theory, that when those 
30; enzymes leak out or release that they may be endosarcous, taken up 


by other cells, and may have some damaging effects... 
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- 88 - Kotin,in-ch 
THE WITNESS: Yes, I think that is still a viable 
position. 
DR. MUSTARD: You might like to explain that, 
5| because that could be a direct causal effect, could it not? 
THES WLTNESS: welt cOUlG|be. = Yes, Sil. 
What Drow Mustard uwuss8rererring to 2s, the fact. that 
not only do the liberated enzymes...and I'm going to get my 
candy apple drawing here...if this is a macrophage with an 


asbestos fiber ingested in’ the nucleus of the ceil, well, this 


10' is not an airtight seal and this is where enzymes are leaking. 
Now, the question you were asking is if these 
enzymes are in the cell, why are they not chewing up the cell 
fiself, Well, the reason they are noc is they live in a separate 
little bag, and the bag is called the lysosome bag. 
ne What happens is that this penetrating fiber, in 


the course of penetrating, destroys some of these bags and 


le 


liberates these enzymes. These enzymes can chew up alveolar 
Walls, but then in acqdition to that, by a. process =whnich can 
really be seen under the electron microscope only, called 
pinocytosis, these enzymes are capable of being ingested by 
20| other cells and, since they are highly-active materials, they 
can be capable of stimulating the proliferation of the cell 
which haS-.eletes put this, ane the ton, Of al. k- NOW, tits 5 
Can do two things, as [ say. One, it can dissolve the Pining 


of the air sacs. But in addition co that, this? X Can be 


absorbed into some of the cells right along here, without 


a destroying them, and causing them to proliferate and lay down 
q connective tissue. 
It is this latter phenomena that you are 
7 reterringd gtOy sd sel eelo oe 
DR. MUSTARD: Well, I was even going further. 
39| There was a theory proposed, without much evidence LF suUspecn, 


that that may even modify the basic cellular components here, 
| 
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ie 3.9) Kotin, in-ch 
DR. MUSTARD: (cont'd.) leading the abnormal 
proliferation of the cells...in other words, a neoplastic 
proliferation. 


DR. UFFEN: Can it get into the nucleus? Can the 
enzymes get into the nucleus? 

THE WITNESS: Nowe df they did...proteolytic enzymes 
that got into the nucleus would almost Certainilyekilithe celts, 


_ _ _ _ _ _ 


because what they would have to do is...you see, the DNA Just, 
except in viruses, does not sit naked. The DNA is coared ss. 
> CaO A Ser Di. cca ha can envelope around it of proteins, which we 
call nuclear proteins, and these are proteins which are primarily 
histones and the like, which protect the DNA and also modulate 
the DNA. 


ome — ft] 


These nuclear proteins would be susceptible to 
digestion by these proteolytic enzymes that come out of here, 
and I would seriously doubt that a cell could survive that had 
Ghesece hinds a esos. 


15 


am 


DR. MUSTARD: But through the mechanisms of 
leukocytes and the other part of the component, RNA, the thing 
called reverse transcriptase, you still would have the probability 
20/ of modification in the non-nuclear area, the cytoplasm, and 
that means head back to the cell's normal machinery, to the 
DNA. ~But that s probably notwthisaprobes aud yuststried'to 
probe the question as to whether, because of a problem of 
the mesothelioma and the lung cancer, whether you couldn't have 
= ie basic similar mechanism in both areas that are setting ceris 
up to become neoplastic. 

THE WITNESS: But the reverse transcriptase, you 
have your RNA virus there, and you don't have the equivalent there. 
You ve got a selit—lamiting materia) 

If you had a self-replicating protease, then I 
30; think that theory would have a greater likelihood of being 


COLGrect. 
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- 90 - KOtin,. 2n=ch 
THE WITNESS: (cont'd.) Now, the mesothelioma in... 
okay, this represents the mesothelial surface of the chest cavity. 
The presence of the asbestos fiber here provides it with, I believe, 
s| the appropriate milieu, the appropriate setting, for solid state 
Carcinogenisis principles ytOrapply, and this has been observed, 


I think, most noteably by Professor Brand, who in the.current 


issue of Cancer Research has a paper on altered chromosomal 
patterns within’ the=ceris immediately surrounding...and I think 

in this case he might have used glass, he might have used 
asbestos, I don't know...but in any event, in the mesothelium 

you have this presence of a fiber. In the respiratory epithelium, 


the only place where fibers have been identified has been in the 


10 


alveolar duct and distal to the alveolar duct - the site of 

perhaps less than one percent of all bronchogenic carcinomas. 
15 Even the alveologenic carcinomas, the cancers 
that you see in the alveolar area, are as a rule preceded, as 


I'm sure you have seen many times, by bronchialization of the 


alveolus. You see the’ bronchialization ‘of the alveolus, and 
it is those bronchializes alveoli that give rise to even these 
terminal cancers....a bona fide type one cell cancer is about 
201 as rare as they occur. They occur only very, very rarely. 

S6 that I reserve solidestate carcinogenesis for 
the pleura and really don't feel it is particularly relevant to 
the lung because I don't believe alone asbestos is a pulmonary 


carcinogen. 
Now, this asks the question then, is there such 


2 a thing as an organ-specific carcinogen. Well, an organ-specific 
carcinogen chemically and an organ-specific carcinogen in the 
physical sense are two entirely different terms. 

Chemically, there probably isn't. Organ-specific 
physically, there 15% 
30 I don't know if it answers your question. 


DR. MUSTARD: Thank you. 
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= Bakes KROL, ich 

MR. WARREN: Q- Let me see, since I failed to 
summarize before, if I may do so now, JUSE -sotthat pl 4dosunderstand 
Dit 

You have asked the question why, if we are talking 
about solid state carcinogenesis in the pleural cavity, and if 
we are comparing what is happening in the lungs with asbestos, 
first of all why we are not seeing fibrosis or why it isn't, as 
in the lung, a necessary precursor of the tumor in the pleural 
cavity, and secondly, whether the mechanism might not be the 
same. 

PDT Sm@isced Ques elCnw LOnt Gwe ehOLIN- solr Ehate cua 
fair statement of the question, what I am understanding your 
answer to be is that the mechanism which is occurring in the 
lung is not really solid state carcinogenisis for asbestos. 
Instead, what is occurring is that the fibrosis generated by the 
process we have been talking about causes a substrate effect 
which in turn weakens the defences of the adjacent epithelial 
tassue to the inttiating eGrrectssotf other Careinogens, including 
Cigarette smoke, and that it is in that sense, and that sense only, 
that asbestos is*implicated an Vunagicancer: 

By contrast, in the pleural cavity, the mechanism 
is much more closely akin to, if not identical CO pichne products on 
of tumors through a solid state mechanism like the dime you were 
talking about this "norning. 

is™that*as-fair summarization? 

THE® WITNESS? BYESINis 1352 

Q. Now, okay... 

DR. MUSTARD: I have one final question to ask. 
When you dose animals with asbestos fibers, you can get lung 
cancer, I believe. Isn't that correct? 

THESWITNESSS® Yesrvesr 

DR. MUSTARD: The animals are not smoking. 


Do the animals all show scarring, fibrosis of the 
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= 92 c= Kotin, in-ch 

DRe MUST ARDE= (Cont. ds) lung, 1n telatlon to those 
tumors, or do some of them get tumors without scarring? 

THE WITNESS: I think they show scarring. 

5 DR. MUSTARD: Do you have a reference for that? 

THE WITNESS: ~I think: ..well, the man who has done... 
perhaps produced as many tumors, is Dr. Wagner, and I understand 
he is going to be here...I hope it's Wagner. 


Yes, Chris Wagner's three papers in the British 


Journal Of Cancer...1'm sure you, have them on file... 2where he 
10; shows in the photomicrographs productive fibrosis. 

MR. WARREN: Okay. 

DR. DUPRE: Shall we break until four-fifteen, 
and you will perhaps get together with your colleagues to put 
your arms around the geography of... 

15 


THES -ENOULRY RECESSED 


THE INQUIRY RESUMED 


DR. DUPRE: Counsel, do you wish to begin? 
20 MR ooo Ns en onke yOu Mine Chatman 
AbLeset, Ob. notin « 


CROSS-EXAMINATION BY MR. LASKIN 


OF ‘Dre Kotin, Lthink what Lf would Shike to do 

is take the valuable lesson that you have given us today in 
Zo) spbAology 101, (not al. Ofewhitci ? curporltedm to, understate a rand 

see if I can marry it to some of the things that we have already 
learned in epidemiology 101, and see whether the union that we 
get is a happy one or not. 

I guess what I would really like to do is explore 
issue by issue and find out whether the biologic evidence is 


30 4 ; ; ; : ; 
consistent or not consistent with the epidemiologic evidence. 
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eS Kotin, cr-ex 
Q. (cont'd.) I take it if we find some consistency, 
then we can be relatively confident that we are on the Cighte track. 
and if we find inconsistency, then we've DOES Oss tanta ooking stor 
some explanations as to why one doesn't match the other. 

LESH aelels hs hig'= Wiha? 

Age Nat Stair PAbsolutedy 

O. ~bet me sStartewath thes questionsof f2berseand 
different fiber types, if I might, which is of some interest to 
the Commission. 

Levu me Stat tawi thethiatel ssue wine relatyoneto 
mesothelioma, and the evidence that we have heard so far, at least 
as) apprehend it, frome emost. sources, 46 perhaps best summarized 
by what the Simpson Report in Great Britain said, and I wonder if 
I might just take the liberty of reading to you their essential 
conclusion on that point and let me see whether you agree with 
It Or what your, reaction is. 

I read just a sentence from paragraph eighty-one 
at page fifty-three of the report, which says: 

"As far as mesothelioma is concerned, evidence 

from miners, from process workers exposed to 

a single fiber type, from the distribution of 

neighborhood and domestic cases, and from the 

geography of mesothelioma when combined presents 

a powerful case from four different sources that 

crocidolite has been more dangerous than 

Chrysotile and anthophyllite, and the position of 

amosite may be intermediate". 

Insofar as you understand the human epidemiologic 
evidence, is that a fair assessment of what we know? 

A. As written by an epidemiologist, yes. As 
written by somebody who would be taking a global approach, nL 
think there are some unanswered questions. 


I think if indeed workers are exposed to a higher 
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= 94 = Kotin, cr-ex 

Aw (Cont'd: 4s concentration, an-thistcaserot 
crocidolite, than to any other type of asbestos, they are at 
greater risk to disease. 

As I think was observed earlier in the day, dealing 
with an amphibole, which by its very nature is more dusty, by its 
very nature is more likely to result in a higher level of airborne 
respirable particles, exposure would be to a greater dose. 

SO*t think- that Ws theteraticals thingethat’ has 
to be evaluated. 

I will not quarrel with the epidemiological data 
where they have seen, as indeed the Simpsons Report contains in 
its bibliography, the bodies of data from four sources. 

I would ask three or four questions: Number one - 
first I would ask is the exposure of the crocidolite population, 
with its enhanced risk, the equivalent of the exposure fiber-by- 
fiber, if you will? I don't think there is a satisfactory answer 
now, but I think there is one in the offing with the advent of 
body burden studies, the studies that perhaps began with...not 
began with, certainly have been done to a degree by the group at 
the Pneumoconiosis Research Unit, by Britwell in the U.K., by 
Vigneau in France. These are all preliminary data. 

Now, if indeed it can be shown that on a fiber- 
for-fiber basis exposure results in increased risk to mesothelioma 
from’ crocidolite;=cilearly, thatewilil bel aeract: 

rewouldsubmit=that® altthervanformationea's notean-. 

OCS is "1 ti tarr totsayy ands "take tie® pomt, as 
it fair to say that in the way in which we seem to have found 
these fibers so far, in the workplace, whatever happens to them, 
whether it's because of the shape that they are in when we 
naturally see them in the workplace, that the epidemiological 
evidence would seem to suggest that crocidolite in fact is 
more hazardous? 


A. Yes. My speculation was that the epidemiologic 
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- 95 - Kotin, cr-ex 
A. (cont'd.) evidence says that. Now, whether 
the epidemiologic evidence represents a true...is a true 
reflection of the biological potency of the material fiber-per-fiber 
5| 1S something that I would submit as yet we really don't know. 
Because we do have certain time-honored questions that are always 
raised. One has to do with if one amphibole, why not others. 
If it's crocidolite,* why not anthnopny liste ? 
This can almost be reduced to...if somebody were an 
avocate for one or the other...to a red herring type of question. 
ip The issue of Transvaal versus Northwest Cape, many 
suggestions have been offered, explanations given. Again, I'm 
not satisfied, but whether I'm satisfied or not is irrelevant. 
Idom' ‘think’ the data are such that from a 
biological point of view, fiber-per-fiber, the case has been made. 
Now, what would it take to make the case 


15 
eonvancing? ~2 ‘thinks the populations are. there,’ the gas—-mask 


workers is a special population. There are other single-fiber 

exposure populations, and in a matter of time I think the question 

is going to be a self-resolving one when body burdens are done 

and are correlated to attack rates. 

20 Q. Well, to take two single-fiber populations 
which have come before us, namely Dr. McDonald's large cohort 
study in Quebec, which I know you are familiar with, and Dr. 
Dement's more recent study of South Carolina textile plant, as 
I understood both of those studies, they were chrysotile fiber 
exposures only, insofar as we know, and in both cases the 

25; incidence of mesothelioma was, relatively speaking, quite rare. 

Indeed, in respect of Dr. Dement's study, although there appeared 

to bea fairly significant excess risk of Jung cancer, there was 

nonetheless only one mesothelioma. 
Have I fairly stated it so far? 
As "You have, *and. I think ‘the’ McDonald tand™the 


30 
Dement data, at least that facet of the Dement data, cannot be 
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= Ksy fie Kotin, cr-ex 

Asse(COntwd. en Glibly dismissed.) ) 1, jUSt for. myselL, 
feel= that the toralieyeor, anformation at. present lacks one of two 
aspects, and it can be reduced to one sentence, and that is - the 
dose of exposure. 

But if it can be shown dose for dose that amphibole 
and crocidolite, with amosite as the intermediate, is more potent 
than chrysotile, I have no vested interest in ether and i'm 
perfectly happy to acknowledge that. But 1 thank to say, by the 
same token, I would like those added bits of information. 

10 Q. When you say dose for dose, do you also mean 
dose for dose within the same industrial establishment, or would 
you be prepared to say dose for dose with textiles on the one 
hand and mining on the other? 

A. The differences in attack rate between textiles 
and mining are so great that they are axiomatic. Right now we 
18) are reduced to saying there is just something different between 


the two. We really don't know what the difference is, other than 


the epidemiological data, other than level of exposures. “So I 

think, if I understand your question, I acknowledge differences 

in. 1 Pact Make sa strongspOinc Of the tact... «that! d1iferences in 

30 circumstances of exposure can clearly be reflected in differences 
in-attack, rates, .and this applies: for virtually all carcinogenic 
Agents. 

Q. As I understand some of the epidemiologic studies, 
just pursuing this one point about fiber differences, there were at 
least two studies - one by Dr. Enterline and the other by Dr: Weill - 

25| where they were able to give us some observations at least on 
differential effects as between fiber types within the same cohort. 
Peethatecaln, 

A. Both Dr. Weill and Dr. Enterline think they 
have, and I have discussed it frequently with Dr. Weill and Dr. 
Enterline, and I’m not so sure of the discrimination between the 

ae exposures being as discreet as I would like them to be...as I think 


they should be to convince me. 
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= 97 — Kotin, cr-ex 
A. (cont'd.) Really, I have no qualms in this. 
They are now concerned with the position that crocidolite is an 
inducer of mesothelioma, as it is an inducer of other asbestos- 
5| related problems. I just really am more plaqued by the few 
paradoxes or internal apparent contradictions, and they may not 
be real ones, than I am by the consistencies - particularly when 
the likelihood of exposure to a higher dose is so compatible with 
what we know about amphibole and its dustiness. 
Q. What are the paradoxes? 
iP A. The Northwest Cape/Transvaal, anthophyllite/ 
Crocidolite. Those are two substantive ones. 
Q. Is there anything in the biologic evidence, 
including the shape of the fiber and all of the things that you 
talked about this morning, which would lend Support to any 


15| differential effects between the amphiboles on the one hand and 


chrysotile on the other? 

A. If those were the only...if that were the only 
area Of information ~vamlablewtouus: clearly one would have to 
Suspect the amphiboles more than chrysotile. 

Q. If what were the only area of information? 

20 AS, Just wehesdi Bierence win ithe! typervotm fiber. 
its handling in the lung and so on. The thing that we mentioned 
this morning of the rigidity of the fiber, the’ likelihood of its 
being retained, the likelihood of its penetration. The 
amphibole there, I think one would have to LEesponsibly state, 1s 
ae more likely to produce a local dose effect. 

Q. When you give that evidence and you put the 
caveat, 'if that were the only evidence', what else are you 
thinking about? 

A. I guess what I'm thinking about is something 
that is so, I believe, readily at hand, and that is FuUStvdoing 

30} some body burden studies and relating them to disease. 


I guess if...my position...I would feel more 
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- 98 - Kotin, cr-ex 

A. (cont'd.) untenable if I were asking for some 
innovative new trail-blazing research. All I think I'm asking is 
that some existing techniques...admittedly difficult, but no more 
difficult than many of the things that are being done everyday 
in the field of asbestos research...be applied to a problem with 
some real dispatch. I think it can be done with real "dispatch: 

i "quess L find myself in the uncomfortable position 
of having to sound like a defender of crocidolite, which heaven 
knows is about the farthest things from my mind, but basically I 
think there are a series of scientific characteristics that I ask 
of most any model system, or of any body of data which leads me 
to a conclusion, and this is all that I'm asking there. 

Q. There also appears to be evidence that insofar 
as mesothelioma is concerned, crocidolite more often than 
chrysotile causes peritoneal mesothelioma. Is that a fair summary 
of the epidemiologic evidence? 

he era pl ac Lees 

Q. Is that supportable in the biologic evidence? 
Is that consistent with the biologic evidence? Is that what you 
Mignt expects 

A. No, please correct me if I'm wrong, buts 
there not also the data which suggests that peritoneal mesothelioma 
reflects a higher dose? Is that not what some of the people who 
have studied the disease say, that it represents a more intense 
exposure? 

Again, we come back to the question of dose. 

In other words, I have no...I fully accept what 
the epidemiologist says when he sees and reports the predominance 
of abdominal mesotheliomas. I have no quarrel with that 
observation at all. 

Q. Is there...and you may have mentioned this 
this morning...but is there something in respect of the shape Of 


the fiber that will more easily cause it to get to the peritoneal 
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- 99 - Kotin, cr-ex 
Q. (cont'd.) area, than otherwise? 
A. I don't know, because we are really not very 
sure how the material gets to the peritoneal area in the first 
5| place, and I think we would have to know that with some degree of 
certainty before we could postulate the second question that you 
asked about the shape of the faber, 1ts physical characteristics 
inegenera ls lm sures 
QO. There ts also...and I’m sure you are aware sor 
rn it...animal experimentation by means of inhalation and injection 
to determine the effect of different fiber types in animals, and 
particularly, as I understand it, by Dr. Wagner, which seems to 
indicate that you can inject chrysotile fibers, or Nave rats 
inhale chrysotile fibers that will produce mesothelioma at about 
the same rate as crocidolite fibers or amosite fibers. Fair? 
15 Re «VCS pasiiz. 


Q. We have heard evidence that in respect of the 


chrysotile fibers, those are very thin fibers that have been 
specially produced to inject into animals. 

A. I would have no quarrel accepting the fact 
that a very thin fiber, up to a point, in concert with everything 
20; we have said today, would fall into the pathogenic... 

Q. And that's consistent with what you said 
that it's the thin fibers that are the ones we have to worry about? 

Ne WIGS Sir. 

Ou Alle ricght a) lt «that Ss sthercdse, 41 fil ee omecue 
oe thin fibers that we have to worry about, and if it is the case 

that in the workplace the thin fibers that you see more often 
are the amphiboles, rather than chrysotile, would it then be 
reasonable to expect that you would get a higher incidence of 
mesothelioma with amphiboles than chrysotile? 
A. Yes, I would be prepared to accept entirely 
30) any data that is consistent with what you have just said, and 


that is independent of whether it's amphibole or chrysotile, its 
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- 100 - Kotin, cr-ex 
A. (cont'd.) geometry, its dimensions, would be 
the major determinant. Yes, sir. 

OV AlLverrgie. 

In the workplace, as you actually find it, and maybe 
you can draw on your experience with your own company, can you give 
us any idea as to what you generally see as between the fiber 
dimensions of chrysotile on the one hand, and amphiboles on the other? 

Ree NO mibutele Cane provide tte rdtnerm thal. ai ot 
had known, I could have brought the Inrormacion, wlth, me, ouc,. L 
certainly can provide the information to the extent that we have 
Mee SuGely ml would, bes dladstordo, it 

Ov aThat information then, J takepit; 1s available? 

A. I don't Know. If it is, to the extent which 
iPS available, 1 really don wt iknow. . [hat iss why aL hesitate to 
state here, but you can be sure that whatever we have, Ines 
entirety, we can make promptly available to you. 

I suspect that prior to the concern over a 
distinction in biolocial effect between the various types of 
fibers, measurements were made of total E1r ber wi Cnout any 
concern over whether it was amphibole or chrysotile that was 
being measured, and clearly you would have to treat your membrane 
filter samplesya, little ditterently to distinguish between the 
two. It wouldn't be just a simple counting as is done for usual 
industrial hygiene purposes. 

QO. Let. me see if I can put what 1 am ultimately 
trying to get at in another way. 

One of the explanations that has been put forward 
as to the different results that one apparently sees between 
Dr. McDonald's study on the one hand and Dr. Dement's on the other, 
is that in the textile industry the fibers tend to be worked more, 
handled more, therefore split apart more...I suppose more roughly 
approaching the kinds of hazardous dimensions that you mentioned 


this morning. 
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= AmO Ge Kotin, cr-ex 
O; (cont da.) Would you agree with that? 


A. That certainly is a possibility. It makes 
sense, certainly. 

Q. One of the concerns that arises out of that 

is whether in fact, as the asbestos industry progresses from the 
LJ20 Ss tOelie esi X<cCLVes co CiesseVentles eandmesonOn iis 
continuing or is using fibers in a way that are making them 
approach the kinds of hazardous dimensions that you mentioned this 
morning, and I suppose what I'm really trying to find out is 

2 whether there is any trend in the industry to use fibers in a way 
that makes them approach that kind of dangerous dimension? 

A. No, a latter day equivalent of things like 
carding operations or something like that, really do not exist 

in activities that are primarily asbestos - reinforced cement or 
15, friction materials...at least speaking for the segment of the 
industry that I am involved with. 

There isn't all that handling of materials or 
fibers pul in, willowed, ancorpcrated intosplastics,. incorporated 
into other mastics and so on. There really is no...ati least in 
my limited circumference...equivalent of the old textile-type 

20 operation. 

DR. DUPRE: Welly) tl thank 1t4s exactly on the 
POine,. counsel =... 

MR. = DASK IN: (Garry on, Mr. Chairman. 

DR.2 DUPRE coe. Le tse put 1 Cana silane lyemore 
oe Speciiic way, Drs KOtCiIn. 

Dr. Acheson, when he was here earlier this week, 
impressed upon us the importance of at least worrying about the 
possibility that chrysotile is now being milled in such a way 
that there is a tendency for a larger number of fibers in the 
most dimensions to be present, and he stated to us that, as I 
recall the testimony, that the Simpson Committee has had, itself, 


some concern about this. They were not, however, able to 


87 (6/76) 7540-1171 


ao~5O «niga Oo . = 
aan acid ebens ‘ es 8 gi sne) Oe 
aevan 33 eae eat ; vias - Ay 


(its quo eoztus seis wrbshos G43 24 wad: is 7 a 
die tor) segesfpowg vaseiil eqcteadae Ete op. ost aba a! 


at af gO Os bre ,ceianees oft ca’. epetyie, ait aa" eee 
mad? paisa Seg Jntd yeeros al aeecla Grew et to patantano: 
aiid bubotsnet poy Jedd enotenadite eoohtesint Yo ebets ae. dbsorgye 
ei gag bal? oF poigés Wilbes-cc L teow Beuggee 2 bie, emadioreces 
yee ent todt} ses oF ecdaibet 4/70) Desde yas @l etr apis’ sar teddy 
fnolensmib svoispad> Yo bn64 Paris tasecea® Mens aakem sar: 
esil eoatd? to Jnglavicpe veb upsdee 5 408 A . . 
3¢inw Jon ob Yifews .z603 |YLl Galdgsmoe 2 esziseteage gatihsac 
<6 jhemes bearotnie: - zogeedes yi iveriig wad Jada en isividass. si 
si¢ 206 Soaneee eft anF gatksers fase Te. Da We ade ert: Skt 
itaaw’ Sade fovd ne I dede yereee! 
se efsiteson Yo palivasd diaz Lie "sei SzS0T 
besaacqroon! ,tolsebiq opti beveregseems , asvol ltr (ek guy eratit 
ni: deat J4...60 ol vliset seodt io o8 fr A9L38em varia ova. 
eqyi-ellixs? Slo ats to Jasisviuee.. .coreee leauge bata! yx 
| tok s839q0 
att? “ne  oncarie e's tnidd SF yidewW +BaG .AG 
«alt ss040 
teMiine? 4am 90 Yared OerMeAa : 
10m Yl Sipite A nl ct Sig ew’ Seli.. ‘sSReTG ne . 
; | tick . ry 
jean: ajd teitaee ased fiw ot Astle cheat’ 5 
ect Jucde odihrww 2hs5t 43 ‘2s Sa ans 7 
c'v © Nouw f2 Setisca Viitod won al sf 
‘mit AL wiedi? Jo sadn xspael ‘so% 
ies ee St an at 


2 


et 
7 


= Ss 


So 


ee eee 


a 


| 


/ 
be 
pike 


| 


mo eee Kotin, cr-ex 
DR. DUPRE: (cont'd.) get the kind of information 
that they would have liked to have. Of course, perhaps, simply 


because it is not available. 

But specifically then, IL guess the question I 
would ask you is whether you are aware of the extent to which 
chrysotile may, in recent years, have come to be milled in such 
a fashion that fiber configuration may have altered? 

THE WITNESS: My hesitancy suggests that I am 
unaware of any major difference in milling operations within the 
Mpewecent past, but that 1snvt COssay Chater t) hasnt taken place. 

te do .know thateby. end, large (the “Greatest suse stor 
asbestos in asbestos cement relies more on its length in the 
classes of asbestos referred to, in addition to the numbers 
distributed — long fiber, long, high-grade fiber, short stubs 
and so on - so that at least in commerce the discussions and 
is the descriptors are usually related to length rather than 
diameter. But that could only be a reflection of my ignorance, 
and L- certainly am-going to find out about that prompcrty. 

I don't know that there is an equivalent to what 
Professor Acheson might have been concerned about, and if there isi, 
then I think he sounds an appropriate note. He certainly does. 

DR. DUPRE: I hope I didn’t interrupt... 

MR. -LASKIN: No, that's fine. what's tine. 

MR. LASKIN: Q. Just one or two more lines of 


20 


questioning on fiber type. You dealt this morning with the whole 
question of the chemistry of the fibers, and to some extent, as 
25 t understood your evidence, it was that that did not play a 
role as far as you were aware, in its relative pathogenicity? 
THE WITNESS: A. Well, to allow myself one bridge 
to crawl back, I think I said a dominant role or a significant role. 
Q. Sorry. One of the pieces of evidence that we 
have had in the course of this inquiry is that when you are talking 


30 
about making A-C pipe, which you just referred to to the chairman, 
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Of (cont'd) “one of/thesingredients in that pipe 
had to be an amphibole, and generally crocidolite, and as I 
understood the evidence, the reason for that was that it had some 
5} resistance to acid, where chrysotile did not. 
is thace tal Or=Unralt< 
We) Tbeliveve that all that> proves? vs) that... 
Can distens not that’ L* know. =a haves been teld” thateas well, so 
I don't bretend that iknow thats firsthand. 
a Our ks"that..it cthac sa cair statement, is that 
statement consistent or inconsistent with your comment that 
chrysotile does not react to whatever acid environment there is 
in the body? 
A. The concept of acid variability within the body 
is limited to decimals of alterations in PH...except for, let's 
15| say, the stomach where indeed you have a cement mixer, as it were, 
specifically constructed to handle low PH environments...but 
within the body a shift of PH beyond a fraction really represents 
a significant alteration in homeostatic equilibrium, andl ust... < 


well, the word is used the same, I don't think the context’ is the 


same in both. 
oy But again, I am speaking more from the point of 
view of the biologist than anybody concerned with the recipes and 
techniques of production, because waters can differ much more 
significantly in their hydrogen iron concentration than tissue 
fluids can without wreaking any havoc. 
25 Oo. i “amquickly ‘Getting out or my cepth, wr. 

Kotin... 


A. No, no. I don't mean to make it sound any 
more complex, but clearly when you talk about acid-based balance 
in a living system, you are talking about very, very reasonably 
narror limits compared to the differences in the alkalinity and 


30! the acidity of water that one finds in natural sources. 
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DR. °MUSTARD= ‘CaniI just? s: 

MR. -GASKIN:* § Yess 

DR. DUPRE: He's coming to your aid. 

MRz- LASKING.' I'madelighted.imegusteat the right*.time. 

DR: MUSTARDs 9r lteisatrue,showeverjethat the 
lysosomal enzymes, the enzymes in the cells, operate at an acid 
PH; some’ of themlas= low as’ ay PHROf four- 

THE WITNESS: oO Frour. 

DRe= MUSTARD:= Second yaArltivs aleo: tCille,;isiat not, 
that’ your asbestos fiber is usually caught in a tissue reaction, 
an injury site, if I can use that term, and certainly in some 
tissue reactions it is known that the PH does drop in the tissue 
fiuids in ‘an Uneumyosite. @whatigis,, you not only have Che 
question of lysosomal enzyme PH droppirg but you also have at 
an “injury sirte-a drop Snir 

THE WITNESS: Yes, depending upon, as I'm sure 
you will both agree, the primary cell of response - lymphoproteases 
as distinguished from leukoproteases, and the like, can have 
contrasting... but *vyes),- the PH ‘can vany an) response -to; those 
injuries, certainly. 

DR. MUSTARD: Would it not be reasonable, then, 
to suspect *thatinsa sltuacionin twho chiethe tashestcdsmribers are 
going to be exposed to lysosomal enzymes, either within a 
macrophage where they have been phagocytosed, or at a tissue 
injury site where you might get local PH changes, that if this 
susceptibility to fan dacidia environment tis; cornect pethat you 
might be able to demonstrate experimentally more rapid loss of 
chrysotile fibers? 

THE SWHINESS® (Loss? 

DR. MUSTARD: Disappearance of the fiber, yes. 
Theoretically you could at least do that experimentally. You 
could @postulatd it and@tryvto test poyjebutshassanybodypever 


actually ®trzedstogtesteit, thateyourare awareéuote 
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THE WITNESS: I think Arthur Morgan is in the 
Process of using his tag material for following the fate of 
the chrysotile fiber in different internal milieux. I am unaware 
Of any data that are available now. 

DR. MUSTARD: So at this time then, the possibility 
Still would exist that under certain circumstances it MLoOnt occur, 
but in effect there really isn't the evidence available from 
direct experimentation for or against the point. Is) that a 
fair summary of the situation? 

THE WITNESS: As you put it, yes. What I'm 
ELVINgG to ninksot 14s tne contrasting internal milieux in 
which asbestos has been shown to have a Diologicalverfrect. 
independent... -1n other words, just don't have the data. I am 
not aware if the data are available. 

But if it's going to produce a mesothelioma in 
the chest cavity, as distinguished from the PLeuUvalweav tty sor 
the visceral pleurae or the parietal pleurae, this all may be 
again, theoretically, yes, it's a POSSI bi Titty. 

DR. MUSTARD: If I just ‘take it a step further, 
since this is speculation in a rubber dinghy, you could argue 
that 1f the fiber gets into a macrophage and joins up with the 
lysosome, in our jargon the phagosome, that if the fiber is 
resistant to the acidic environment, then it will tend to 
persist in that macrophage, whereas if it is affected by the 
acidic environment, it will be lost, could lead over the long 
term to a different kind of outcome in the two circumstances. 

I realize we don't have the answer to the question, 
but it is certainly testable with modern techniques and it would 
seem to me it would have to remain as a possibility under the 
circumstances, unless there is evidence to the contrary. 

THE WITNESS: I have no quarrel with what you say. 

MR. LASKIN: 0. Do I take it from what we have 
been discussing on fiber type that your judgement is that the one 


ingredient missing to come to some real conclusion on this question 
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Q. (cont'd.) is the measurement of dose and the 
testing of the different fibers at the same dose? 

THE WITNESS: A. Yes. 

5 Q. Again, accepting that there were no dose 
measurements, do we gain any assistance from looking at the 
neighborhood effects in terms of mesothelioma, between different 
mining areas? I'm here thinking of the South African mining 
area on the one hand, and Quebec on the other. 

Because although there were no dose measurements, 
ie they were nonoccupational settings, but in the areas of asbestos 
mining operations. 

A. It seems the unspoken preamble or suffix to 
your sentence is that these nonoccupational exposures are, as 
a corollary, lower dose exposure levels. Do I understand you 
IGP COLrectiy? 

ft dOn Cewantest Oupluite.7 

Os Well, letisustart with that. “Let siassume 
aletehae 

A. Yes, well I would submit there is very little 
evidence for this, and despite great importuning of people with 
20; household or neighborhood case information to get some dose 
studies, the data are not available. So it's really an unanswered 
question. 

I would submit that by definition neighborhood 
cases are not inevitably low-dose cases. They could be, but 
a again, the reality of the neighborhood cases is not at issue. 

| The reality of the family cases is not at issue. 
The reality of what constitutes the dose of 


exposure, I think is. Again, as has been said several times 


today, these are data that require just doing it or having the 
work done. No, I am not swayed by the fact that there are 
30| neighborhood cases of mesothelioma in South Africa. ~Not 


exonerating crocidolite, certainly not, but not providing the 
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A. feont'd.) clincher; thesproof positive that 
it is a more pathogenic form of asbestos than perhaps the non- 
amphibole. 

Q. Do you make the same judgement about the gas 
mask worker studies, both in England and in Canada? 

A. This is perhaps the one area that is making 
me hedge a little, although again with...the gas mask studies 
would be entirely convincing and the last thirty minutes would 
have been unnecessary, were it not for Whitwell's studies which 
clearly showed some constant doses in the presence of 
mesothelioma in body burdens and related them to disease, as 
you recall. 

QO. Could you, again...perhaps for my benefit and 
my benefit alone...but could you explain what you mean by body 
burdens? 

NO .TtAves lal iconcentratronmtof thrbersyinetarget 
tissues, where disease has...is or is not...in an appropriately- 
controlled study...which means those exposed occupationally, 
those are appropriately controlled; in terms of paraoccupational 
exposure to get your neighborhood cases in; general population 
to get yet a third variable in, and then ME tthat,’ s qoing tonbe 
one axis On your grid, “the Gunner axils oOn«your grid would be 
the occurrence, the rate, prevalence, incidence, whatever you 
have the date for, of disease, and see what correlations there 
are between exposure, disease and actual presence ofmfibers iin 
the target tissue, and what we are speaking about, the lung, 
or the mesothelial surfaces. 

Q. What does Dr. Whitwell's work in that area 
tell us about this question? 

ASeBrCthink one..-and\ again, he 1s the first to 
emphasize the very limited nature and the very small size of the 
study he has done...but I think, and if there were a copy around 


I would like to read it, but I think he makes the point that he 
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a) BOS ae KOCIN 2 Ccr-ox 
A. (cont'd.) correlates the presence of disease 
more with fibers per unit weight of lung than he does with 


exposure sandews cen Story eos sir eca tt. 


: MR. LASKIN: Go ahead. 
DR. DUPRE: I don't recall ever hearing about 
the study you have referred to. Is that Whidwell...? 
THE WITNESS: Whitwell. 
DR. DUPRE: Whitwell. WHIT... 
10 THE WITNESS: WELL, and it's in the January, 


TP think, L978 issue of Tnorax. 

MR. WARREN: Would it be useful if we tried to 
obtain a copy of that and make it an exhibit at this juncture, 
so that... 

Weshnave tu mesure DO sLanaverleawicneme se lie 
Pijanswer is probably no...unless Dr Kotin does. 

MR. LASKIN: Is it amongst the many documents? 

MR. WARREN: No, F don‘t think so. 

DR. DUPRE: We certainly will appreciate having it. 

MR. WARREN: Why don't we just note on the record 
a at this time that we will obtain it, and then put it in asa 
sequentially-numbered exhibit at that point. 

DR. DUPRE: Thank you, Mr. Warren. 

DR. UFFEN: Having had this little interruption... 


MR. LASKIN: Go ahead. 

DR. UFFEN: ...are these body burden measurements 
25| made on live patients? 
THE WITNESS: No, no. They are ashed lung from 


surgical specimens or autopsy specimens. 
DR. UFFEN: You don't shove something down, 


take a little piece out? 
THE WITNESS: No. It would be nice if we could 


30) ao that, sir, but we can't because basically putting something down 
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—l09 = Kotin, cr-ex 
THE WITNESS: (cont'd.) would only keep you in 
the bore of the tracheobronchial tree. It wouldn't get into the 
actual substance of the lung where the fibers are. 
5 MR LASKIN«: 1. O. DOp lestake 1 t, thatethat study 
that you just referred to by Dr. Whitwell is the one piece of 
evidence, so far, that you are aware of which causes you perhaps 
to doubt what the gas mask worker studies would seem to indicate? 
THE WLUINESS:, Aw [Doubt...it requires further 
@laboration. IAm notedoubting. What. ..1 guess what. 1m saying 


10; is that there seems to be a way to get data that I would dearly 


like to have. 

May I make an aside? Is there not a reference 
to the Whitwell work in the Simpson Report? 

MR. WARREN: I'm sure there is. 
15 DR. MUSTARD: There is a reference to it in the 
Lo 4 -auticlewinatne Britis Ournal of Industrial Medicine. 


THE WITNESS: No, there was a recent article 


whichawas. the, leaa article in. Thorax. js) think it was January, 
1978, but we can get it. 
TiemesOre yy. eee OL On wt Mean eco nee rita y OU. 
20} apologize. 
MRo LASKIN: s Nos athabls fines sll have Mics 
Kanng look £or 1c. 
THE WITNESS: I apologize, Mr. Laskin. 
MRo“LASKIN= No, that’s “Eine, Drs Kotin:. 
THE WITNESS: You are the ones to ask the questions, 


7 not me. 

MR. LASKIN: Q. Just a general question, I 
suppose, to wrap it up, and I think I know the answer, but Toe), 
ask the question. 

On what ...on the basis of the evidence we do 

39| have to date, and what we know to date, is it your judgement 


that we should treat these different fibers differently or the 
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ce wks Oks Kotin, cr-ex 
Q. (cont'd.) same for the purpose of establishing 
control limits for public policy purposes? 
THE WITNESS: A. Working on the assumption that 
5} effective control will control all eanllsYovaciye Ab Gelgeielic qelaieKe. “ch CUMS (ena 
Standard probably would have to be my answer in terms of the 
positions I have taken on the questions that were asked before. 
MR. LASKIN: Go ahead. I'm going to get to that. 
DR. UFFEN: May I ask a question here? 


MR. LASKIN: Sure. 
10 


DR. UFFEN: You gave us a magnificent lesson in 
basic biology, and I had hoped at the time that you would go one 
step further and explain to us the relationship in terms of 
your diagram and your understanding of the concept of a threshold, 
Or whether there is, to use your own language, a no-effect level. 


15 It seemed to me we were within an ace of having 


some understanding. Could you do that? 

THE WLIINBoo: » Yes5eDUL...l.belreve: that tor 
carcinogens...well, to begin with, carcinogenesis is a stepwise 
progression of change from a normal cell to a population of cells 
that we call cancer...that there are two separate sequences of 
20 events, one that must in some way or another affect the genetic 
materials, the DNA, so as to produce an inheritable change in 


the cell. The other is a set of influences that take this cell 


and provide it with the necessary stimuli to go on and become 
a cancer. 

So there are various names, different names for 
the two stages: One is initiation, and that would be the stage 
where we get involved with the DNA, where a molecule of a chemical 
compound or an atom of an elemental substance reacts with one of 
the chemicals in the DNA to alter it so that it gets the title of 


a transformed cell. A transformed cell is a cell in which a 


25 


30} chemical agent has reacted with the DNA to transform it from its 


normal state to some other state. 
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- lll - Kotin, cr-ex 
THE WITNESS: (cont'd.) Now trivially, transformed 
cells are referred: togacecancericelisi That's not so. A cancer, 
for one thing, its; aeécel lbieansponulata oneoficells; tthat have very, 
ar Veryedbstinchachandeteristics® 

A transformed cell is just a cell that has altered 
DNA. 

Well, once that takes place...this can take place 
at a level which will inevitably lead to cancer, likely lead to 
cancer or not lead to cancer, and this can be precisely quantified 
Cy inethe laboratory. 

I can take a carcinogen like benzpyrene, or I 
can take a carcinogen like an aromatic amine or an azo dye or 
an F oxide, and give it at a dose level where you not only will 
Get cancer ,abut we scan gpredictably say jheamegiving tthi’s group 
15 of animals a hundred and eighty day fifty percent tumor dose, 
and be right within acceptable statistical variations. 


I can also give a dose which says I am going to 


give a dose of a carcinogen which will produce a cancer provided 
enough animals live beyond thirty-six months of age. 

Then I can give a dose of a carcinogen which 
20; says no matter how long the animals live, and more than that 
you are not going to shorten their lifespan by the carcinogen 
you give them, and never get a cancer. 

DR. UFFEN: What about a solid carcinogenesis? 
You made a distinction this morning between the.. 

THE WITNESS: Yes, there are solid state 
aR carcinogens which, under certain circumstances, will give you, 
again, a predictable, tumor rate.» And under certain circumstances, 


only with minor alteration of the physics of the particle...in 


other words, its dimensions...you eliminate carcinogenicity. 

So that again, there is a predictable rate for 
39| induction of cancers with certain solid state materials, and there 
is a way of modifying it to eliminate carcinogenesis. Do I make 


myself clear? 


stenkne A 188 Sion | % 
cpav ted seid .2llee Io-a 


besor is sci jodt ifad » dant et ties } o Stare i : 


Smalq skint Bad etd. aah coset 368d aad vitoit | 
os Geel ylontl . teOna of Gael yidativers tie eine fognl e 26 
soem ie visutsazg ad amp eff? Den ,s00R> ot Seu Jon: 2 seanee 
| ogiesn edad oe 41 ~ 
[4q «|. omevasne? ett) negesiniss 6 Sans GAD § 
13 SYS Obs RA TO 4Gime Sista rs rh ertt navpaein ses & 3462) n= 
tiiw ‘ine Jon HOE eine hoe eaoh «= 38 -3i svic béa dabina Grn - 
quem alia ge ivi ai T qed Ylderotheng sho ee 2aa 4s eED ong 
,9¢0b tom? tresteq vil ss sb yot6te bon Seabawd «= etaainn to 
_qpoiictxet Iscidgitese eldaetqsse aldsiv, gagks 2: Ine 
o3 paton ma T avée deidv cand co avis cals naa ft i 
bac ivaxzg seotah « eotherm Lite fozav nevoula sso 5 30 SiS. & SVit 
age 2% sdzaon xls-yscs1d* baoted evil afsainac .dpraes. 
‘oigy mepéciowan @ To each » avin aso 2 oan | ; 
sett? aad? ston. bos evil elamiag 602 prol wed “83 9en oh zyee Cm 
mengaiaizg> ef1 yd sequetit tisd? asstoria 09 paley itm. eS oy | 
" " g§eoasn @ Jon 2585 Bes watt? evo edt: | 
oo Patensiipinias btiow & aupds to -oeTA .Ae : 
..ad2 qeowled potratm sift sodtonipaie’'s “ie 
$ie26 filma ose sied2 eat sanzerin Zap 
toy wrkp Lfiv agen ae eB tahcons piacitos 
deere Ml Plats oe a “nwt i dies 


ef 


10 


18 


20 


25 | 


30 


: ee KOtGin cr -ex 

DRE PUPP EN Sel stn toe banaven it. 

THE OWOINEB SO: © Allerton ti. 

So now, the question then is, is there a 
threshold...and this is why the word threshold is perhaps in 
addition to being an incendiary word in the eyes of many...is 
perhaps a bad word, and I defer to nobody on how much I have 
misused it all my life. I don't say how you can say there is 
a threshold for the action of a molecule of an F oxide to 
react with one of the chemicals of the DNA chain, because one 
molecule reacting with one locus producing some covalent binding 
Saves tila ts. 

But what is necessary for the production of the 
cancer undergoes a series of thresholds in each successive step, 
WHETe= VOU Cane. titst: Orvally the Carcinogen 1 usel... sls would 
submit that if you give a mouse or a rat, a dog or a monkey, a 
level of a carcinogen that produces no effect, I don't know whether 
you've had a threshold or not, but you've produced a no-adverse- 
effect level, and we all live with no-adverse-effect levels, 
and you can, in a very mundane way demonstrate it: The selfsame 
chemical carcinogens that are responsible for the increased risk 
to lung cancer in coke oven workers in steel mills, are the self- 
same chemicals spewing out of every vehicle on every street in 
Toronto now and since the days of the internal combustion engine. 

NOW7 tte SG almost est eSOuUnadS Clivigts theraiadogy, 
but basically the carcinogenic polycyclic hydrocarbons are present 
in both situations, the promoting agents are present in both 
Situations, and yet the coke oven worker is at an increased risk 
for lung cancer. The average urban resident isn't... 

DR. UFFEN: Tf fb lookvaslittle; puzzled, my mind 
is coming along a sentence or two behind you all the time, and 
I'm trying to relate this to this solid carcinogenesis, where 
if my memory is right, it was the solid material that caused the 
enzyme to do something and get into the cell. AmI1losing track, 
on Nave, lt qot=that.ragnte 
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THE WITNESS: Well, the liberation of enzymes is 
associated with the preparation for the cancer, but not the 
actual change of a normal cell to a cancer cell. 

DR. UFFEN: Then have I gathered from this 
correctly that the no-effect level, or sometimes called the 
threshold, 1s related, colthe, process that goes on in alceringsthe 
DNA, but not. in this other process Of the macrophages and =the 
little primitive cells you talked about? 

THE WITNESS: Exactly. 

DR. UFFEN: Is that a well-established theory, 
or are we speculating? 

THE WITNESS: To break it up into its parts, I 
think there is universal agreement that a macrophage has enzymes 
capable of digesting protein, capable of having these enzymes 
absorbed into other cells, capable of destroying tissue replaced 
by scar tissue, and stimulation of fibroblasts to make scar 
tissue. 

I don't think there is any speculation associated 
With the tact that there Nas to .be some form Of interaction 
between an agent that we call a carcinogen, and a genetic 
material. There may be big arguments as to what it is, what 
the chemical reaction is, but it can be stated without any 
controversy that the genetic material has to be affected in some 
way because what you have in a group of cancer cells is an 
inheritable defect, and therefore it has to be inheritable in 
terms of an alteration in the genetic material. 

So that, Ll. cOn t thitik, LSsecOncroversiad, 

I think what is controversial is whether in fact 
there are levels of exposure to a carcinogen which will not 
result in the development of a cancer in the animal model...it 
can be anything from man to a laboratory mouse...or that there 
are levels of exposure which are sufficiently low so that even 


though the initial interaction has taken place, they are capable 
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- 114 - Kotin, cr-ex 
THE WITNESS: (cont'd.) of being repaired by a 
series of repair mechanisms available to the genetic material, or 
are capable being reversed because the effect is so minimal that 
Bl) 2t is transitory, itis wabivey tothe) extentswheremit willainot 
survive over repeated replications. 
This; PF think, Ws: jwhererwe ‘get* dnto the <arean,of 
CONCIrOVErsy. 
DR. UFFEN: I think we have progressed beyond 
biology lol: 
10 DR. MUSTARD: I would like to go into the 
GONELOVELSY << 
Tt ‘seems to-me p-DreitkKOtin, 1f one goes to this 
problem when it first emerged in relation to radiation, and if 
We were having this hearing in 1942. .0n let us say 1946.7. we 
ie could have been having a similar kind of discussion, and part of 
the problem was that there is biological variation - that not all 
people respond the same way to a standard stimulus. 

The radrativon. Sto“vy,eas.lwrecailgn thatertatook 
Bentley Glass and fruit flies to really take the challenge, 
because the problem was how to expose enough biological material 

20} with Variations, to trace’ doses¥tosseesitiinyetfectythere are 
some susceptible people who are going to be affected by the 
variations, and indeed he did find in the famous fruit fly 
experiment with radiation, that you could produce genetic 
damage within that process. 

It seemed to me the problem with the asbestos 

2 story, even the animal experiments, is that nobody really has 

the megabucks to do the large number of animals that would be 
required to really take account of the biological variation 
question, to sort out the relationship, when all the epidemiological 
data shows that the extrapolation back to that soft point of 

the data suggests that there is a linear relationship and no 


threshold, which of course is supposition and you can shape all 
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DRY PMUSTARD: “(Conta)” ‘kands jOtecurves at ou 
want to, as we've done at this hearing. 

But the critical biological experiment, unless I 
have missed something, has not been done. That is, you take a 
huge cohort of animals and simply expose them to greater doses 
and see what happens...sort of to do the Bentley Glass fruit 
fly experiment, which I don't suppose anybody could afford to do. 

That hasn't been done, has it? 

THE WLINESS+® Noy but perhaps ‘you done thave to, 
ec, rail tees 

DR. MUSTARD: All right. 

THE WITNESS: ...with some degree of trepidation, 
Suggesc. 

You see, in carcinogenesis we have the benefit 
Of NOt fan intimate nunber, "put oT many, many highly-inbred species 
where predictably we know what the spontaneous...for whatever 
euphemism for ignorance that might be...what the spontanous 
tumor incidence is. 

Secondly, we have a marker that is unlike the 
almost untamperable reflection of a mutation, and that is the 
aose at which you can enhance or minimize the effect of’ ‘the 
Carcinogen by giving it at a noncancer-producing level for 
the “lifetime “of ithe animal ~~ Slet™s avord "the term thresnold... 
then we can begin to study what is reversible or what isn't 
reversible by the judicious use "of promoting agentse.. -notronly 
in terms of promoting agent potency, but in terms of temporal 
effects, altering the interval between the time of the initiator 
and the time of the promoter, altering ‘the’ dose of'the promoter, 
taking the initiator, giving the promoter also at a level which 
will not summate to a cancer in terms of a normal lifespan, 


letting a little time go and then promote again and see whether 


that promoting capability has been retained, or do you have to 


give as much promoter as you would have given assuming you hadn't 
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THE WITNESS: (cont'd.) given your antecedent 
series of promoters. 

Well, this has been done to a faretheewell, and 
I think what it shows is that you cannot reverse, except perhaps 
Dy reparry yourve got aupNa enzyme repair...an alkylated base. 

But you can revert, dissipate, dilute out the 
elect Of promoting agents. You can enhance the effect of a 
carcinogen by the temporal Lelauvonsnip. 

Without going into it, what I'm LEvinge lCOousaye ror 
we may not have to do that because we've got a clean end point 


10 


the cancer...one that is, unlike the mutation in the Drosophila, 
really gives no evidence of its Presence until aust before 

you may get to see the proliferative Diese. pYGU Can painted 
thousand or a million mice with a known Carcinogen, “and if 

15 it's a polycyclic aromatic hydrocarbon, three weeks after you 
do that you have no way of identifying which population of 
cells have gotten that polycyte, although residual fluorescence 
lidy ext Stein the sacred: 

But you have no way of identifying...we don't 
have that marker, and one of the reasons I don't £Lhink we have 
20; that marker is...and this is purely speculative on my part...is 
that we don't have an indelible lesion You... NOtCwINe terns oF 
the original alkylating of the base, but in terms of the 
progression to cancer. 

DR. MUSTARD: Have the animal experiments been 
done with asbestos, along the lines you are Suggesting, or vare 
those the things that nieed to be done? 


25 


THE WITNESS: That's what we have Just about 
convinced Professor Brand. 

DR. MUSTARD: But they have not been done? 

THE WITNESS: They have not been done, because 
bastcally Tt"is a difficult one in  thereensel thar you, unlike 
with a chemical where you can follow either with metabolites sor 


you can label it, but now Professor Brand, who is really the 
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THE WITNESS: (cont'd.) high priest of solid 
state carcinogenesis...it's an area that has fallen in low esteem 
until now that asbestos, I think, is being recognized and 
5| accepted as a solid state carcinogen...so I certainly agree, 
and I thought you were going to say, which I would again have 
to accept, that the effect of a linear track change, an ionization 
track, cannot be diluted out - it's there. 
But we don't necessarily see the same thing with 
carcinogens at very, very, very, very low doses, and that is why 
ut you will find in the real sophisticates Prthe od eld. On 
carcinogenesis...I'm talking about the Van Prato's and the 
Henry Pethos...they will unconsciously lapse into noncarcinogenic.. 
or Manny Farber down the street here at the ins VErStey.. «wile apse 
into noncarcinogenic dose, subthreshold dose and so on. 
48 I think Farber perhaps has contributed as much 
as any one man to the sequential steps in the evolution of a 
cancer from a transformed cell. The quarrel is not Witmethe 
transformed cell. I think the quarrel is with the equating 
of a transformed cell with a cancer. 
I beg your pardon, I didn't mean to...so your 
20| point is exceedingly valid and I just think that there is a little 
more information than the greater variability in the area of 
carcinogenesis, which allows us to manipulate and study effects. 
In fact at one time there was hearsay that even 
the initial DNA carcinogen interaction was reversible. It 
isn't reversible in the sense of reversible. It may be 
ao reversible in the sense that along can come a nuclease and 
chop it out and then restore the integrity of the DNA molecule. 
SOLELY. 
MR. LASKIN: It's okay. 
MR. LASKIN: Q. Let me see if I can deal with 
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this whole issue that we are discussing. 
As I read your articles, you set out four factors 
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O. (conttd.))) Or Lour aspects Of response that 
characterized exposure to asbestos, of which the one that we have 
just been talking about was one of them. 

As I apprehend it, if the one factor was the latency 
period...and I take it there is no real controversy amongst the 
SCLlencCLl iG COMMU cy aAvOUEmUud te taCk, 

THE WITNESS: A. I don't know of any. 

QO. And the secona factor was the dose-response 
Fa relationship? 

Ay. Yes) Sil. 

O. Do vl take 1t that there 1S no real, quarrel 
am the SCLlentic Vc COMMUDLLY avOuUe chal, LesPpONse.: 

Re AGain, tO Ue, = Clink, DleC ses, tiele are 
some people who are questioning a dose response, the presence 
1s| of data to warrant a dose-response conclusion for mesothelioma. 
You are aware of that. It may even be a supposition that might 
have been articulated at these hearings. 

T think @tS 1mpoOrcant. co esecOUnizemulau tiere 
are some people that question whether the data support a 
dose response. 

20 I believe there is a dose response. Heaven knows 
if you asked me to go and put the points onthe dose response, I 
would just put at one end ‘general population 7 and at che other 
end, if you will, the 'crocidolite miners' in the Northwest Cape, 
and say the points are somewhere between those, because with 

25 mesothelioma we do have a marker tumor, and certainly in the 
last...since 1964, let's say, the New York Academy of Sciences... 
and that's a decade and a half. Clearly any increase in the 
general population would not require monumental amounts, and 
more than that it is a tumor that probably would not have been 
masked by other tumors. 

Like, you would have to have a pretty potent 


influence for lung cancer to become overt in the presence of the 
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A. (cont'd.) overwhelming role of cigarette 
smoking. 

So, anyway, yes. Dose response, I think, is, 
at least for me, a position that I can live with and do live with. 

Q. Just to pick up a point which you mentioned 
at the end, you would agree that there is no relationship between 
cigarette smoking and mesothelioma? 

A. I am unaware of any. 

Q. Can you just elaborate a little bit about what 
10; you mean when you say mesothelioma is a marker disease? 

he Wellee tt sane unusual cumOmel lane sense 
that it is a neoplasm that is sufficiently uncommon...rare BESe 
you will, in the nonexposed, that any cluster of cases in a 
nonexposed group...and we could all night argue what exposure 
A is...but anyway, what I think would be LdenieLlEy ig, alow Less 
than in an exposed group like the vinyl chloride monomer 
workers, angiosarcoma was a sufficiently rare tumor that iis 
really took little more than a handful of cases to document a 
cause-and-effect relationship. 

So this is what I mean by a marker tumor. A 
2990; marker tumor would be, a good example would be the thy nporducancer 
in children who were given radiation treatment for thymic 
enlargement. Thyroid tumors are not all that common, and it 
isn't likely to be masked except maybe in a high goiter endemic 
area or something like that. 

Q. I suppose the other side of that is that 


ay you can more readily determine what has caused those tumors. 


If it's not masked on the one hand by something else, then 


you can more quickly go to the essential cause? 


a’ Yes. “Well )"at*=least-you Gan characterize 


Ls 


the populations that have the increased Yisky..sLLrstemake 


sure they have it. 
Q. We've dealt with dose response. The third 
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Q. (cont'd.) factor you mentioned was multifactor 
etiology in relation to some diseases, and you mentioned smoking... 

As. ~AnNd “lung cancer, 

Q. And lung cancer. And I take it there is really 
no controversy in the scientific community about that interaction? 

A. No, I think...but here again, in fairness, 
one has to state there is great controversy as to which is the 
determinant and which is the modifier, and so on, that there are 
differences there. But I don't think anybody questions the 
joint effects, the cofactorial effect. 

Oem nen the tourth factorala the, factom we 
started out with when Dr. Uffen raised his question, which was 
the no-effect level... 

A. No-effect -level. 

Q. ..-.and that, I take it, is the response 
which you say there is some controversy about? 

A. Even more, I would have to emphasize that I 
am in the minority, to be perfectly candid, in terms of workers 
@nethe freld. 

QO. Even taking your position at, an gindavidual 
level, do I understand your response to one of Dr. Mustard's 
questions, or in any event in his question, that that no-effect 
level at an individual level can vary depending upon individual 
susceptibility? 

A. Individual susceptibility is a determinant 
in all epidemiological studies and in all biological systems, 
and that is why in attempts to study mechanisms you try to 
reduce variability. 

This was the genesis, really, of.inbreeding of 
animals, beginning up at the Jackson Laboratories in Bar Harbour, 
Maine, was to provide inbred strains for studying those things 
where individual susceptibility was reduced to an irreducible 
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O. If you take syouxg response at a no-effect 
level, and you translate it into a population of employees, does 
it mean that if you are going to draw some dose-response 
relationship for that cohort of employees that you would not 
draw the relationship through the zero intercept on the Y axis? 


aA. Well, let me first back up a little and 


Saye tne questlon whichlisi§ lethink,«..may, I AS kane Cia Savers 


T wouldn't draw any line. Let me janswer your question teks Stas 
But it! glad bwery well .for me to say here 


10 
e there is a no-adverse-effect level, 


intellectually that I believ 


and then the question that my = 
you've finally convinced me there 


libel deleted, I 


ormer associate Yulla Bingham 


asked me, that's great, boul, 

is a no-adverse-effect level...tell my how, 

can use that as a regulatory. And that's an entirely problem. 
Here I think you use it on the basis of what data 


15 
Vounave.. and 1 5 


you do have, what population data you have. 


different because there are two universes in the world of 


regulation: One in which you want to introduce an agent into 


the environment, and one where there is an agent in the 
worla.oL thas a. ..and 


at as the total body 


environment - either part of our natural 
ay for that, f think, vc swhere, yOusiay use th 


of information, and if you can see in a population a response 


to reduced levels of exposure, if you can see a response to control 
efforts, then I think you can derive comfort 
you can establish a regulatory posture ancscte © 


notlttly. impethe ace of biological principle. 


from the fact that 


he same time, from 


o5| MY point of view, 
Do I make myself clear? Not really, eh? 

MR. LASKIN: Not entirely. 

THE WITNESS: What I'm ty 100 gcOUSdy Dah Tgel aieke 


lly saying that there is a no-adverse-effect level is 
euliidesd 


basica 


of very little help to a regulator who has got to decid 


uct called fluideextract, of popcorn is going to be put 
But I submit it's a different universe where you 


new prod 
on the market. 


—__ | 
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THE WITNESS: (contiid's) 


have an agent for which 
there are epidemiological or occupational studies which show what 


the experience of workers has been over a PEllOd fof time 


MR. LASKIN: Q. Since thakeis fe take Ces hie 


Case with asbestos, how then does your criteria or your response 


at a no-effect level help in terms of regulation, in that sense? 


THE WITNESS: A. By and large, you look at 
populations, see what the prevalence or incidence of disease 
is, have an idea of what they were exposed to, 


Operational conclusions. 


Og And 24. 


and draw some 


Ass, And (yo Useridatal of thea McDonalds of the world 
Or Selikoffs of the world, and come to a DOSsi tion: 


Q. In coming to that POSieVony! vs at legitimate, 


in your judgement, to take the data that you have and extrapolate 


it to some extent? 


Amel don tethinkkvootean Generalaze,) certain 
data you can extrapolate on. 


I'm not sure I understand YOULFOUeS TION. ism SOmiy 
Q., How.+slet's be Specific, let's take pr. 
McDonald's data and let's take whoever else's data you would like 
to include...how do YOU SUSeathatrdaias 
A. You use it to the extent the data are 
available, you look at prevalence, incidence of disease as 
related to exposure levels, again coming back to the drum I 
seem to be beating all afternoon, and that is body burden. 
You see, the problem with asbestos is not that 
it's unique in terms of the Principles involved, it's unique 
in the fact that we have no expiratory product that is a marker, 
or a reflection, of the presence of asbestos in the body. 
If it's arsenic or a series of aromatic amines or 
azo dyes, a urinary excretion profile will give you some index 


Or some...some index of exposure. We don't have that kind of a 
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- 123 - Kotin, cr-ex 
A. (cont'd.) marker and this is why we have to 
resort to the very cumbersome business of, let's say, body burdens 
if we are going to elucidate some principles that are dose 
response. 

Q. Let me put to you my problem, and you respond 
Owe ts 

As I understand what...and you have admitted you 
ave=perhaps in thesminocicy 11st SenoO=ertece level (position. .as 
I understand what the majority of people would say, it’s that 
admittedly we don't have any measurements in most cases, and 
probably in all cases down at those low levels of exposure, but 
twrein-factsyou draw a linear line, a, line that's linear, and you 
draw it down to zero, that's of assistance in terms of regulation- 
setting mechanisms. It's a simple matter to work with, you can 
extrapolate along that line, and from a public policy point of 
view, I take it, you are being somewhat prudent because you are 
probably overestimating whatever risk there may be. 

Now, are you...the answers that you have just given 
me before, are you suggesting that that is or isn*t a sensible 
approach with a substance that's already in the environment, 
that we already have with us? 

A. Again...I don't mean to be a copout...public 
policy at best is avdtificuit tiing.-- 

Of wAGreeU. 

Ree pand Sac an ai pone ireyOur COUNELY 1 sceeven 
hazardous to a greater degree. 

No, I'm entitled to my opinions about public 
policy as a citizen, not as a scientist , and so on. 

So, no, I would say you have to use the data you 
have available, and I think that the data that you have available 
will give you the basis for a matter of public policy. A matter 
of public policy is allowing to use carcinogenic chemicals for 


the treatment of metastatic cancer, and you just hope that the 
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ne (cont'd.) patient lives long enough to get 
the cancer from the carcinogenic agent, which happens to be 
a therapeutic agent at the same time. 

Tomean, chal so tarretcned, bute. think s lagquess 
it's a matter of weighing all of the elements in public policy. 

I think what I would say is that asbestos in 
common with virtually all environmental agents...and I think that 
this probably cannot be stated too frequently...is, at certain 
levels, capable of being hazardous and inducing disease, and in 
fact has done so. I am equally convinced that there are levels 
of exposure which, for the working lifetime or for the residence 
time of any person, there are levels of exposure compatible with 
the material in commerce that will produce no adverse effects... 
no measurable adverse effect...by the standard rubrics we use 
for measuring adverse effects. 

Q. To take your point, what epidemiological 
evidence is there that would support that proposition? 

A. Despite the very selfsame article that Dr. 
McDonald, for instance, said he believes he is most comfortable 
extrapolating back to zero, he has Clearly demonstrated a level 
at which he could demonstrate no adverse effect...in the article. 

Q. For which asbestos-related diseases? 

A. I think he was talking about lung cancer 
and asbestosis, and as you pointed out, he had so few mesos 
that that was really incapable of being...the most recent 
followup on his population of miners and MuULler ste he throws ice 
of Quebec. 

Ou sls there, tlom vouusrevlcw Or the lrcrerature, 
any other epidemiological studies which would support your 
Proposition? 

Ae Yes. “This isnt) tovsay. thatsthere has been 
no disease. I think that one can look at trends in other 
articles...I suspect some of Rubino's studies where indeed 


Rubino reports the presence of disease im ttaly, Nas, showediva 
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A. (cont'd.) decline associated with control 
efforts. I think we at J-M have some data on a couple of our 
facilities which suggest that control efforts in plants that 


were built, our most recent plants, would show a...using 


j asbestosis only...that's the only thing where we have done 
prevalence and incidence studies...which show curves that suggest 
that we are at a no-adverse-effect level. 

So there. are enough at least, I think, to make 
the position a tenable one. 

10 On. Would lvou also -agree thatetherc are OLrner 
studies which are at least consistent with the opposite conclusion? 

A. JOh, Lasurelyiwould. 
Q. Which studies would you include in that 
Category? 
- A. Again, the studies I would include is where 


thesauthor states: hrs position. 1 Mm not sure that som aware OL 
any data. If you look at the studies coming from Mount Sinai, 
they really have no measurements of their exposure of their 
insulation workers in early days. They state so in so many 
words, where they are now seeing the latent period manifestation 
9} OL diseases. 
I guess I could go through a bibliography and 

tick off those ,which | think gwould. perhapsvarrive lar 

different conclusions, but the important thing, I think, is that 

by and large...and Dr. McDonald is an excellent case in point.. 

where he is satisfied that his data...unless I don't read his 
25) data correctly, and don't let me put words in his. mouth.... read 
his data as saying that there is a no-adverse-effect level in 
the population that he is studying. It's a large population, 
it has been followed for a long time, and I'm really prepared 
to say that that's very, very convincing. 

Sop l just. amenara purtlortet he (top sor mysneadk Eco 


tick off the other articles that would take a position contrary 
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A. (cont'd.) to my own, other than to say that 
certainly I read enough that.. 

Oey eLGCCeMe li nelaliness tow. 

MR. WARREN: John, I just wonder how much 
longer we have, because I know he has got an appointment. 

THE WITNESS: Weill Knock off pretty soon... 911m 
getting bushed, too. 

MR. LASKIN: You say whenever you want, but let 
MCwligehalcness tOuDleaMCDOnNaLas out -LOryOlmwiat 1 =underotood ata 
be-his position.as he stated it before this inquiry, because it 
really gets to an issue I wanted to ask you about, and the record 
will ‘certainly correct me af I'm wrong, but.as £ understood bis 
position, he did not say there was a no-adverse-effect level 
or no excess risk level, but what he said was that epidemiological 
tools weren't sufficiently precise enough to be able to measure 
Lee 

fuR WINES Ss ACs Atethe risk or being an 
inhospitable guest. inavyour, country, that's Fust so. much qibberisn, 
that statement. It doesn't mean anything. Because basically one 
Canasay, thate about anything and everyihing.§ sIlt"'s a) toolechat has 
been ialid enough... and. don’t mean just Dr. Mcbonaid 1s wrong. ... 
but I mean basically, sure, there's always the possibility that 
the method that we are using is insensitive to describe an effect, 
and I think that's an unspoken caveat to all of our data. 

When I refer to the dose that would give one 
thousand or ten thousand mice who lived their lifespan, no dose 
of cancer, the unspoken caveat was that if there had been twenty 
thousand, maybe there might have been one cancer, even though 
they are highly-inbred C57 black or A or C3A, it makes no 
difference. 

No, I don't think that adds substantively to 
the problem, and I wasn't putting words in Dr. McDonald's mouth. 


What I was doing, as...I was concluding from his data what I saw 
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Ae (COME, asin athnenemehatucwa lia. 

Q. But to take your example, it may be the case 
because of a particular population you have chosen, because the 
excess risk may be small, that you may not have selected the 
population which has the excess number of deaths, or whatever 
index it may be? 

Aw, NO Question zs Thates a spossibilitye, You 
may, be ~riaght. 

DR. MUSTARD: I was going to say, maybe we 
should take a look at what McDonald actually said and come back 


Coe tat one st me. 


10 


I mean, I have my recollection of what he said, 


but it's late in the evening and I'm hypoglycemic. 
THE, WITNESS:,| Yes... Thank, you. 
15 DR > DUPRE De. ROG ny iGOul diel fait lemght.£ oust 
ask a question that arises directly out of your dialogue in the 
last five minutes with Mr. Laskin, in case I lose it? 

As; Ijtake it -gyounsay that. yvoumshave studied 
some plants at this point which would appear to confirm the 
hypothesis of a no-adverse-effect. How long have these plants 
20 that have been studied been in existence? 
THE WITNESS: Over twenty-one years, Dr. Chase? 
Excuse me? How long have the plants been in existence? 
DR. CHASE: Twenty to twenty-one years. 
THE WITNESS: Twenty to twenty-one years. 
25 DR.) DUPRE.) 5,70) askeds ...thats certain] ys ass consi stent 
with your tab six, which is your testimony at the House of 
Representatives, where the plant that was mentioned was one that 
had been around twenty-two years. 
THE.WITNESSs. Wess 
DR. DUPRE: The point that is then made in that 
testimony is, of course, as you point out, you pointed out here, 


there is no evidence at this juncture of asbestos-related disease. 
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- 128 - Kotin, cr-ex 

DR. DUPRE: (contd.) There are, however, some 
cases where there are pleural changes indicating exposure. 

THE WITNESS: Unquestionably. 

DR. DUPRE: Now Ivam just wondering if, as a 
layman, you can help me out at this point. 

Is it possible that when you are looking at a 
plant that has been around twenty-five years, let's Say, 12 the 
kind of finding that you have made is in front of you, you could 
easily perhaps simply entertain, instead of a no-adverse-effect 
Situation, the possibility that what you are looking at here is 
the normal dose-response situation. 

A plant that has been around for twenty-five years 
probably deprives you of doses sufficiently large that a response 
would have materialized, which is not to say that a response 
couldn t materialize wiseay, at yearn thirty Or year ithirty—-tive- 

THE WITNESS: I think I say in the selfsame 
testimony that one would...let me make two comments: One, I 
think the pleural changes are just that — changes. They are 
not disease and not necessarily the hallmarks, I think, of 
impending disease. 

Again, I think that's an area of controversy, but 
Here be SUuSpeC Cw MnO Lat Mentor. 

Now as far as dose response resulting in a case 
twenty-five years from now, thirty years from now, I certainly 
recognize thal ae lusfact si think im my testimony Lesa Om siould 


have said, that the possibility of such a case arising does have 


to be considered. But it in no way gainsays the beneficial impact, 


although that's the wrong word, I don't mean beneficial impact... 
the biological impact of reduced exposure, You have to allow 
for that contingency in any biological system. 

DR. DUPRE: Thank you for allowing me to slip 
thatein. 

MR. LASKIN: Q. Are those...the studies that we 
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- 129 - Kotin, cr-ex 

MR. LASKIN: Q. (cont'd.) have just been discussing, 
are those the morbidity studies that you referred to as being 
almost complete when you spoke to us in our informal public meetings 
Pes tara i) 2 

THE WITNESS: A. Yes. I think they are complete. 

Q. They are complete now? 

Ate baclhink so. 

Are they complete, Dr. Chase? 

DR. CHASE: That phase of them. 

10 THE WITNESS: Yes. 

MR. LASKIN: Q. Are we at some stage going to have 
the benefit of those studies and that evidence before this 
Commission? 

THE WITNESS: A. ‘Yes, sure. 

ep Okay. 
| i: A. Affirmative. 

Oe ml Eakeei Latha Ss ewhens lrg Chasew is ugoingeto 
testify before us? 

A. I don't think Dr. Chase is going to testify, 
but we can make submissions to the Commission, of course. 

ME oe WARREN so JORD Just ecOlada...lumetrankly,. 1 
think everybody is saying that those data are going to be put 


20 


before you, but I don't want to leave the room with any implication 
that Dr. Kotin, ori ty, .0Onupr. Chase, know theranswer to thatequestion: 
Probably omy colleagues do,sbut 1 don. t sand yl 
don't want to mislead anybody. 
THE UWLIENE SS» NO; T10.,.Dr..,cnaseuwil ll besthe one 


who determines when the data are... 


25 


MR. WARREN: The question is when the work can be 
done to get things together to get them for you, rather than... 

DR. DUBRE sa Now, Fim goings lousuggest, —classc a first 
of all thatwwe are in trouble.) Dr..kotinehas hadla very long day 


and the air conditioning, on top of that, has now been turned off 
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- 130 - Kotin, cr-ex 

DR. sDUPRE I e( CON) LOrm aAbouteliicl @ anenour. 

We have Dr. Gibbs coming tomorrow, which means at 
this point we are groaning under the weight of our visiting 

5 professors, and at the same time we do not wish to sacrifice 
Our educations unduly. 

Now ,ADWiave Yas Cetival ned ethatwDr a kotinees very 
much jor tanvearlyebuerd etlhat, omicourse, b think goes for the 
people at this table. 

nd is there; any problem with tour reporter an “the 

early hours of the morning? 

THE “REPORTER: © How Garly? 

DR DUPRE soy wets Saymedioh tao lolock? 

THE (REPORTER ay Hi wasmcaincingse or realmeanly pout 
no problem there. 

15 DRew DUPRE: All right: Web, 1 think that that 
would indicate then, that we should now rise, but in the 
tradition of some of the very old liberal arts colleges that I 
once knew a couple of decades ago, reconvene for class at eight 
a.m. tomorrow morning, and we can then assume that we will have the 


benetit of Dr = KOtan seimstructions for the sest, of the morning. 


AU Perhaps before counsel disperse, you might, 
counsel, speak to your other colleagues so that you can give me 
an appropriate batting order when the time comes. 

Mr. McNamee? 
MR: MCNAMEE: Yes, Mr. Chairman, I've already done 

Os that and, tunderstand, Chat li be. acho nk eels beeha beens noms 


and Linda has indicated she will be an hour or more, and...who 
else is going to be on? 
MISS JOLLEY: Sorry, the Injured Workers 


are going to sbewon... 
MR. MCNAMEE: A yeep ai ela Wipe beW alelibey, Gielsl 016. (slalslie 
30; know about Mr. Starkman. He might be half an hour. How much 


longer do you have to speak? 
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q ~ 131 - Kotin, cr-ex 
af MR. MCNAMEE: (cont'd.) Of course you people 
i will want another... 
DR. DUPRE: There is the Commissioners' Hour. 
: MR. MCNAMEE: So perhaps...we'll have to...eight 
i CC LOC Kae. Se eee 
DR. DUPRE: We must, of course, have sufficient 
| time to take advantage of Dr. Gibbs. 
MR. MCNAMEE: I was wondering, it wouldn't be 
i 10 against the Commission's policy if...I have two or three questions 
of a medical nature and if I indicated, is there anything wrong 
i WDehmilndl cating CO COunse asc OmueD? sakOUCINgsticenaluremod Lhe 
questions so that he can prepare himself, or is that...? 
DR. DUPRE: May I simply leave it to you to sort 
' out once the Commission has risen? I don't think we would have 
Ieeeanys rulings on that. 
} So we now rise until eight o'clock tomorrow 
morning. 
f 
THE INQUIRY ADJOURNED 
—2 °° 
| 
25 
r THE FOREGOING WAS PREPARED 
FROM THE TAPED RECORDINGS 
OF THE INQUIRY PROCEEDINGS 
EDWINA MACHT 
1 30 
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